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DIRECTO R NOTES

This issue contains the Advance Program for the 49th Shock and Vibration Sym-
posium . My most sincere thanks are extended to the program committee for a
job well done. In my opinion, the selection of technical papers this year promises
to be as interesting and informative as any we have ever had. The National Aero-
nautics and Space Administ ration takes its turn as host with Goddard Space Flight
Center doing the honors. The outstanding cooperation and support by Brian
Keegan and others at the Goddard has made our job at SVIC substantially easier.

In the Opening Session, the Keynote Address and two of the invited papers will
be presented from the viewpoint of NASA interests. As always, it is expected that
these talks will provide useful information to a broad segment of the technical
community and inspiration for fruitful discussions during the remainder of the
symposium. We will also be treated to a veiw from the Department of Defense
with respect to dynamics and the DoD technology thrusts. The speaker recently
came to DoD from the Aerospace Corporation, so we may anticipate that dynamics
problems are not exactly new to him.

I am proud to announce that , for the first time in severa l years, there is a complete
session in the program covering human response to vibration and shock . This
session was especially organized, rather late I might add, to meet a special need.
The program committee , and others, felt there should be more interchange of
information between the biodynamics people and those concerned with structures
and equipment. My thanks to Dr. John Guignard for his assistance in organizing
the session and to the speakers for accepting our invitation to participate. I think
that representat ives from all areas of the shock and vibration fraternity will be
interested to hear these papers. We look forward to a successful symposium.

H.C.P.
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EDITORS RATTLE SPACE

THE BLACK BOX SYNDROME

Many engineers seem to be rely ing on data processing than those of the average engineers who use them --

devices but apparently do not understand how they thus bringing on the black box syndrome. As a
work. It has become common practice for both result , either the engineer is totally unfamiliar with
mathematical analysts and experimentalists to enter the capabilities of digital data processing and there-
data into ‘black boxes” that manipulate or process fore does not derive full benefit from their applica-
the data. Engineering judgments and recommenda- t ion or he uses them even though he is only partly
tions are therefore increasingly based on the results familiar with their capabilities and limitations.
of some sort of data manipulat ion process that Data in and data out thus equal a decision, and only
isn’t understood by the user -- I call it the “black a few engineers know why, and only a few are aware
box syndrome.” The black box might be a large that the black box can distort , has limits, and can
general purpose computer program for the mathe- degrade results.
matical analyst or a real time analyzer for the experi-
mentalist . Regardless, this practice frightens me The solution to this dilemma is training. Good
because important decisions are being made on data training is available (see the monthly Digest short
processed in ignorance -- the user does not know the course listings) at a reasonable cost — a fraction of
capabilities of assumptions, compromises, or limita- the cost of the equipment. In fact , most companies
tions of the system he’s depending on. At the very that make black boxes are eager to train users.
least the user fails to take full advantage of the The vendors realize that the more the buyer knows
capability of the device; even worse, ignorance can about their black box , the more he will use it and
result in errors in judgment that may in turn lead to that this is a good way to establish a demand for
an engineering disaster , larger and better black boxes. Tra ining courses

increase the capability of the engineer, as well as his
Some years ago the technologies of both exper i- confidence that the decisions made are based on
mentation and mathematical analysis, based on facts rather than on magically manipulated data.
electronics , began to grow at a rapid rate . At present I recommend that management provide training
the digital computer and other portable digital data opportunities for their engineers before they begin
processing devices are marvelous data processing to use new equipment. In this way the risks inherent
tools, capable of turning out accurate results quickly. in the black box syndrome can be avoided.
The large data processing and storage capabilities
of digital computers have made pract ical the solution R .L. E.
by numerical methods of complex structural dy-
namics problems at a reasonable cost . As a result
the capability and cost effectiveness of the engineer
has grown at a phenomenal rate. In the experimental
area new measuring devices have allowed voluminous
amounts of data to be collected in a precise manner .
Coupled w th  this data gathering capability has been
tremendous growth in the abil ity to analyze complex
signals instantaneously with the real-time analyzer.

The problem as I see it today is that the capabilities
• of hardware and software have grown much faster
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BALANCING MACIIINIS It F:VI~~WIi

l).G. Stadet bauer

Abstract - This article reviews the history of balancing I, II inq ti n~ 1,111, 920s and nai ly 1 930s elaborate
machines and compares various types currently in i. p, t I rltc’r v i bra t i ; i i  r ni.ha n isrns were developed that
use, could (I)IJ(lter,e the im balan ce vibration in the

balancing machine by rntparis of a mechanically
generated cot interforc e of known magnitude and

Computeriied balancing has been .ai~ i~d out for phase angle . During the 1940s , electrical indicating
years in large, high-speed test facilities for tlexi tj le systems with electro m agnetic pickups and phase
turbine rotors and generator rotors . With the advent reterence generators becarni~ available; the latter
of the low-cost table-top computer , a similar ap rotated in synchron y with t he workp iece . In rc’
proach has become economical for many production spunse , mechanica l plane selectors and nodal bars
balancing operations , and the first such installations were adpli,rJ to older style com pensation iTlachines to
are underway (see Fig. 1 for a typical arrange m ent) . allow a direct readout of unhdlance in the correction
Thus , the art of balancing has becorrie d precisely planes durinq the f irst spin~ip.
controlled routine , arid all stops and salient data are
permanently recorded . (in a typical wrn pensation rna(hine (see Fig 3) the

worl’piece ( 1) Wd~ end driven t rpur i ,i faceplate (2)
and rotated on upon ro llers (3) suspended from ad

EARLY BALANCING MA CH INES j ti ,i mhle springs (4) via a linkage (5) The motor
dr ivcri fj cr ~~Iate also irov.. a .arn (6) via a manually

The first balancing machines were developed around tur n ed ditf c- re ntia l (7 1 The ldtter served to change
1900; they were trial and error devices consisting of the angular relationship betwee n cam and work
a flexibly mounted set of hearings with some means piece . A vert ical pin (8) trans m itted the motion of
of drive (see Fig . 2) . Years passed before mechanica l the cam into the countlIrv ibrat lon mechanism (9).
indicators were developed. First the magnitude of The amplitude picked up by the axially moveable
vibration was indicated; then the high spot on the f inger (10) was transfe rred along the machine bed
shaft was used as a crude reference for the angular by an oscillating shalt (11 )  and fed back through
position of unbalance , counter spri ngs (12) r i P  the support linkage. By
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Figure 2. First Known American Patent on a Balancing Machine

adjusting the phase angle and amplitude of counter- on compensating machines, and electrical machines
vibration until a dial indicator (13) attached to each were equipped with an initial unbalance compen-
linkage registered zero the angle of unbalance could sating network called a compensator (see Fig. 5).
be read on a protractor (14) and the quantity on a
scale (15). Readings were taken in sequence for the The compensator eliminated the need for a balanced
left and right correction planes by alternately locking rotor. Instead, the first (unbalanced) rotor of a series
out the other plane with a nodal bar (16) and plane could be used to calibrate the machine by electrical
locks (17). compensation of the unbalance signals with the help

of several potentiometers and suitable circuitry.
The manufacturers of machines with electrical in- Although the rotor still vibrated in the machine,
dicating systems countered with electrical plane the indicating system registered zero unbalance. The
separation networks that enabled the operator , with operator added test weights of known value and
the help of a balanced rotor and test weights, to calibrated the plane separation and amount indica-
calibrate the indicating system in practical correction tion networks of the machine. Thus the need for
units in any two selected correction planes. Angle physically balancing the first rotor by trial and error
indication was provided by a stroboscopic lamp, was eliminated.
which eliminated the need for an end-drive coupling.
This development was used to balance many small Compensation machines were usually equipped with
and medium size rotors (see Fig. 4). a tunable workpiece suspension system that could

be adjusted for reso nanca. This provided good sen-
During the 1950s competition continued, and both sitivity. Machines with electrical indication, however ,
types of machines were further refined . An electronic had non-tunable, softly sprung suspensions in which
null indicating system replaced the dial indicators the workpiece rotated considerably above resonance.
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Figure 3. Schematic of Compensation Machine with Counter Vibration Mechanism

Hence, their later designation as soft-bearing bal- The first hard-bearing machines WI’,’ th is i’~ pensive
ancing machines. to buy and to maintain . Significant ly moore ‘l ctronic

components were needed than tom the soft-bearin g
machine. After several years of refinement and the

HARD-BEARING MACHINES advent of solid state components and plug-in ( in u t

boards, the hard.bearing machine became more c ur
petitive pricewise; the superiority ul the system s,on

In the late 1950s and early 1960s a new approach propelled it to the forefront of the m arket
to balancing was developed : the hard-bearing ma-
chine (see Fig. 6). The workpiece rotates in rigidly One significant advantage is permanent calibration
supported bearings, and unbalance is measured This feature , defined by ISO 1940, “provides calibra
directly as centrifugal force . Various types of pick- tion for any rotor within the capacity and speed
ups are used. A serious problem was the extremely range of the machine by ‘setting’ it.” Setting, in
low signal to noise rat io, which necessitated expen- turn , is defined as “the operation of entering into the
sive filtering systems so that adequate sensitivity machine information concerning the location of the
at balancing speeds low enough for common shop correction planes , the loca t ion of the hearings , the
use could be obtained. The first machines were over- radii of correction , and the speed , it applicable ”
designed with regard to structure; this assured ample
rigidity but added to their cost . The centrifugal force exertec by a specific amount

5
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Figure 4. Machine with Electrical Indicating System Using Stroboscopic Lamp for Angle Indication.
The suspension led to the name soft-bearing balancing machine

of unbalance at a given speed is always the same, ~~~~~~

regardless of whether the unbalance occurs in a small ~
“-‘

~~ 
—~~~ ROTOR

or large or light or heavy workpiece . Direct measure- --

men! of this force permits permanent calibration of ~~, 
‘ ‘

• • •
~ 

________

the indication system of the hard bearing machine in 
- —-mi I’

ounces or grams for all workpieces within its capac- 
~~~~~~~~~~~~~~~~~~~~~~~~~~ 

L ’IL’I ’ 11 ~IP~~.Ii. Iw;’ ~ CH

i ty  Such calibration is not possible with soft-bearing ~~~~~~ - ‘ Li~~- • •

machines because a specific amount of unbalance : 
- - 

‘j~ . s~. L I

causes differ ent amplitudes of vibration in different 
• 

~~ ~~~ 
- .,

types of rotors , depending on such factors as mass . 
~~~~~~~

and configuration of workpiece, moments of interia, 
•

mass of the balancing machine suspension, and 
~— r~~~i-—~-y~balancing speed - - -  H

- - 

~~i~L L_ Li ‘

A seldom recognized prot bearing ma- FIgure 5. Fully Dsv.lopsd Indicating Systum of
chines is the skill required -. ~)propriate Soft B.arlng Balancing Machine
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r~- -~~~~ ~~~~~~~~O - r~

B a l a n c i ng  M a c h i n e  Bed

Figure 6. Typical Hard-Bearing Balancing Machine with Permanently Calibrated Instrumentation,
Rotor Dimensions a, b,c and r 1 , r~ are directly dialed into The analog computer

test weight size and suitable calibration. Estimations if a hard-bearing machine is used because built-in
of the maxinium expected initial unbalance require electronic circuitry maintains permanent calibration
experience , as do comparisons to the specified throughout the speed range . On the other hand , a
tolerance and determination of a calibration setup soft-bearing machine must be recalibrated for each
that will provide a readable indication of both , balancing speed; weights are attached to the rotor
Correct judgment of this relationship deterrsi ines to for each calibration . Problems often occur. Typically,
a great extent the eventual capability of a soft-bearing for ex ample , the weights used are lumps of either
machine to indicate -a large initial unbalance and a clay or wax . Even though they are carefully weighed ,
small final tolerance . errors can be introduced when they are attached

to the work piece because it is difficult to position
Size , weight , or shape of a workpiec e change fre- the center of gravity of such a lump at arm y exact
quently in most types of balancing applications, radius or angular position Such positioning errors
particularly in short production runs , maintenance result in calibration errors. In addition , the pen-
and repair work , and shop balancing. In such in- pheral speed of true rotor is soriictimes such that the
stances , the hard-bearing, permanently calibrated clay flies off , specially made bolt-on weights or
machine is most valuable because it provides the something similar must then be used. In addition
operator with an immed~at~ , first-run readout of weights tem porarily attached to a workpiece pose
unbalance~ Because most hard-hearing balancing some danger to operators.
machines have a dual channel indicating system ,
readings for both correction planes are shown si m nul - On some soft-bear ing roachir tes small shakers are
taneously. mounted to the supports to eli m inate the calibration

weight problem . These machines are calibrated with
Occasionally, a workp iece has to be baldnced at more the shaker force when the rotor is not turn ing. How-
than one speed This i: not part icularly diff icult ever , the fact that these machines do not account for

7
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the polar m rim j r u imru i  III ite m ti,j o f the i otur sigrt ifii .antly Although extremel y sensitive , the hard-bearing
,lf f e ( rs  the a corn’ y of calibration for any but a suspension system is r ugged and cannot be dam aged
ria r m ,w r iiiq( III rotors of stan dard shape by chips , grit , and dirt. One further and som etimes

very important advantage of the hard-bearing ma
chine is its capability to balance at extremely low

I yen liniited calibratio n requires that the operator speeds , som et hing a soft-be arin g machine cannot

adjust a series of dials and switches in a prescribed do because its balancing speed must always be con-
sequ en ce In principle , he vibrat es t i e  rotor ~~ the siderably higher than the natural freq uency of the

nriai .hine supports wit h built-in shakers that produce rotor and vibratory support system so that a stable

a fort .i equiva lent to a k nown unbalance ri the readout is obtained for the calibration Low balancing

hearing plai t - Shuku r frequency roust conform speeds greatly reduce the horsepower requirements of

prec isely with the im uo - i idumd balancing speed . Next , a machine on which rotors with large moments of

ii A-B-C netwui k St-i  to r t  fej  the calibration inertia or considerable drag are to be balanced
weight si mnulati n im to the uimrect ioni planes . Another Horsepower required to accelerate a given mom ent
I I  (if dials adjusts for the rad ius of co rrection , of inertia decreases proportiormally to the square

Only after all t hese steps have been carried out of the balancin g speed . Horsepower required to run

~.ir the a tual amount be calibrated; eight additional a fan decreases approximately proportional to the

dials are necessary to establish a fixed relationship cube of the speed. A low balancing speed can thus

hetwi:imn shaker force and unbalance readout . The significantly decrease the cost of the drive , of other
san te sh,uker fo n m .e is used for all rotor sites , initial related cornl onents , and thereby of the entire ma-
onlj ,jluncns , and t j lera nm e requirements. This is a chine - -  in addition to saving energy.
sm ’vu-ie Iiiriitatiori wheii roto r require m ents vary over
a wide range . Furthermore , the entire process must
he repeated if the balancing speed is changed or a The advantages cited above are sufficient reasons for
rotor of a different ~~~~ is to be balanced the dominant position in the field of balancing

acquired by the hard-bearing system during the past

Ifiese frequently overlooked difficulties inherent 15 years. Not surprisingly, the syste m is now at the
forefront of a new developmental stage -- computer-In the calibration procedure of soft-bearing m a - izat ion. All hard-bearing instru m entation has hereto-.tu i i i e ~ point out the basic ease and si m plicity of fore included a manually operated analog computer .

tile newer , hard - bear ing machines. Sensitivity and This can now be replaced by an on-line digital com-
i l  iracy are built un to the hard -bean iiig m a c hine,

~ri a soft bearing m achine , however , they are ~r~- puter which transforms the art of balancing into a
routine task - Computerization greatly simplifies thet ime ly dependent on how well the operator cali-

brat ~ s the mti aci mine for the given part mating of a balancing machine with such correction
devices as a drill head or milling machine , thereby
allowing low cost automation when many pieces of

mianc’nt rAil ibrat it .)ri in no way com promises the the same type and size are to be balanced . Such
1ipubility of a hard-bearintl machine to m easure automation was previously practiced almost ex-

t .  Inrammi ely large urrbulan es Quite the contrary f clusively in the automotive industry but has now
A hand tjear inimj mniaiim ine will indicate very large become economical for many other applications
initial unbalances that would he im possible to me-a- involving shorter production runs.
‘ ;‘u ru with soft bisiiing machines because the large
vib mation amplitudes would exceed the lim its of
the pickups .
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TRANSO NIC HLAI)E FLUTTER: A SURV EY OF ’ NEW DEVELOPM ENTS

M.F. Plajzer’

Abstract - This paper is a review of current work in
transonic blade flutter research. Aerodynamic theory
and flow models are summarized. Analyses of super- mtuntu
sonic and transonic flow past oscillating cascades, ~~~~~ 

~~~ 

~~~~~~~ -
~~~~ ~~~~

•

blade row interactions, and three-dimensional un- SI5~~~~IC

steady flow through rotating annular cascades are U
given. Experimental studies are described,

UtSIAUID

An earlier survey 111 presented a general description aio~ 
FUJIUJ

of the transonic blade flutter phenomenon and io~
summ arized the analytical and experimental in-
vestigations devoted to the problem prior to 1975.
This paper updates the current status of transonic ii*ss FLAi MU
blade flutter research .

The term transonic flutter is used here to indicate
that the flow over the outer span of a blade is either
transonit : or supersonic. Depending on the flow con- Types of Fan/Compresso r Flutter 1661dit’on , army of three types of flutter can occur:

• transonic choke flutter , when the blade is oper-
ating at near-choke con ditions

• supersonic unstatled flutter , when the attached
flow over the outer span of the blade is fully
supersonic

• supersonic stal l flutter , while the outer portion
of the blade is operating supersonically but the designated A-100 flutter , was recently identified;
flow is partly or fully separated it occurred only above a threshold level pressure

ratio. Two additional flutter bounidar es may be
Typical flutter boundaries that have been observed encountered dimming operation nnear surge supersonic
on modemnt co nm ’pmesso rs are shown in the figure. stall f lutter and subsononic stall flutter The latter
The choke flutter boun dary is encountered during phenorruenon has plagued the engine industry for
part-speed operation . The blades operate transoni- manly years but is outside the scope of this t aper -

cally at negative incidence angles and , due to a Supersonic stall flutter , however , is still largely
choked flow , in-passage shocks with possible flow unexplored due to the enormously complex nature
separations are likely to occur , of separated supersonic flow through transonit .

rotors
The suptu rsonim . unistalled fl utter boundary imposes
arm imnipo rtamut high speed operating l i m m u i t .  He tm nt S uAb:,e i tu im mit mm, t v m s ,t i t s  ievuew ire l inum i t - ,J to i,

tests have shown that t ime blade f lutter mode during dis ussion of h a n som t ic ‘ I 0km f lu t ter  inn ,tm ~ - r

this type of flutter cart be eitl mum pm edominiantly sonut - umnstalli i I I Ii ut t m m r I t  m u  t i m  st ud r eader is mu-
torsional or consist of a la mg im vibr ational tiefornmiation termed to recent muvim uw ’ by Sisto Ifitt i , Fleeten 1661
of the blade camber line (c hordwise bending rriode). and Platier [68 1 for discu~sionis of other aemoe last ic
Still another type of supersonic torsional f lutter , problems in turbomachines.
Prof.saor of Aeronautics , Naval Postgraduate School,
Monterey, CA 93940
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AERODYNAMIC THEORY FLOW MODELS

It has been pointed out [1] that considerable sim- The analysis of three-dimensional unsteady flow
plifications are required in order to make the problem thro ugh a transonic multi-stage machine is still
of transonic blade flutter mathematically tractable. prohibit ively complex. Various simplifying assump-
To this end, viscous flow effects are usually ignored tions are made so that the problem is amenable to
at the outset, and the analysis is based on Euler a mathematical solution.
equations or some suitable approximation of them ,
The fully linearized approximation has been the The most simple and widely used model -. the cas-
most widely used, but attempts have recently been cade flow model -- is obtained by unwrapping art
made to include nonlinear flow effects. annulus of differential radial height from the flow

passage of an axial-flow turbomachine. Only one
Linear analysis assumes that the major effects are cascade is usually considered because of the corn-
described by small perturbations of a uniform flow plicated interactions between neighboring blade
of velocity U in the x direction. Therefore , the well- rows . As has been pointed out [1] the case of super-
known linearized unsteady potential equation for sonic cascade flow requires further differentiation
the velocity potential ~ can be used, depending on the axial through-flow Mach number ,

which can be either subsonic (causing propagation
1 / a a \ ~ of the disturbances upstream of the blade leading
T I~j —~ U ~ V 2~ (1) edges), moderately supersonic (causing interactions

only between the reference blade and its adjacent
blades), or highly supersonic (causing no interactions

In equation (1) c represents the constant velocity of between neighboring blades).
sound of the uniform flow. Solution methods for
this equation have been well developed and docu- Three-dimensional flow models have recently been
mented [2, 3, 71] . Unfortunately, equation (1) introduced; examples include the flow past a vi-
is only conditionally valid for describing wave prop- brating blade row of finite blade height situated
agation phenomena in flows with mixed subsonic/ between end plates and the flow past an annular
supersonic flow regions. As has been shown [4 , 5] blade row with a f inite number of vibrating blades
the propagation must occur at sufficiently high rotating at a constant angular velocity in an infinitely
frequency for equation (1) to be valid , or more long cylindrical duct,
precisely

k>> 1 - ML) ANALYSIS OF SUPERSONIC FLOW PAST
OSC ILLATING CASCADES

ML is the local Mach number and k the reduced
frequency. Interest in the analysis of unsteady supersonic cas-

cade flows was stimulated by the need to understand
In nonlinear analyses nonlinear flow effects can be supersonic wind tunnel interference effe cts [1] .  The
incorporated by basing the analysis either on the two problems are closely related because an oscil-
transonic small perturbation equation [5] lating airfoil situated between two solid wind tunnel

walls is equivalent to an unstaggered cascade whose

M2 blades are oscillating in counterphase. Using equation
[1 — M2 — (‘V + 1) ‘Tj iPx ] mPxx + ~~~ ( 1) ,  Miles [61 obtained a complete solution by

( 2) Laplace transform methods.
1 M—— 

~tt~~~ iP~t O
C3 C This work was extended (7-10] to staggered cas-

cades with supersonic leading-edge locus (supersonic
the full potential flow equation 15] , or the Euler axial velocity). Equation (1) was again used with
equations, var ious solution methods,
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Analysis of the more practica l but more difficult on supersonic blade flutter are still unresolved.
case of supersonic flow past staggered vibrating However , work on two approaches has recently
cascades with a subsonic leading-edge locus (sub- begun, One analysis has been based on the nonlinear
sonic axial velocity) began only recently. The dis- transonic small disturbance equation and the steady
turbances are able to propagate upstream of tf me blade flow field computed by a nonlinear characteristics
leading edges, thus oroducing a more complex blade method upon which the oscillatory flow f ield was
interaction phenomenon. The first treatment seems superimposed as a linear perturbation [241 . Pre-
to have been that of Gorelov El i]  ,who used colloca- liminary results indicate that flutter is significantly
tion methods. Solutions for semi-infinite cascades dependent on blade th ickness , especially at lower
were published almost simultaneously in the U.S. frequencies. Kurosaka (26] used the complete non-
by Verdon [12] , Brix and Platzer [131 , and Naga- linear potential equation as the governing equation
shimna arid Whitehead [14] - The approach assum es and applied the method of strained coordinates.
a first blade; sufficient additional blades are con- Results for the cascade are as yet unpublished, but
sidered until convergence toward a periodic solu- the solution for the oscillating single airfoil has been
tion is achieved . Linearized theory restr icts the published [27] - Such methods as the time-marching
analysis to flat-plate cascades; complete solutions method are also applicable to the analysis of thick -
were obtained using different approaches; i .e., finite ness and loading effect s, but apparently no results
difference [12] , characteristics 113] , and singularity have been published.
methods 1141 .

The case of an inf:nite cascade oscillating at low ANALYSIS OF TRANSON IC FLOW PAST
frequency was first considered at about the same OSCILLATING CASCADES
time by Kurosaka [15] He succeeded in eriforcing
the poniodicity condition explicitly and obtained The prediction of transonic cascade flows is ham-
an analytical solution using Laplace transform meth- pered by the difficulties involved in computing mixed
ods. Other solutions for vibrat ing flat-plate cascades subsonic/supersonic flows. The problems have re-
with subsonic leading-edge locus have been pub- cently been reviewed in a workshop on transonic
lished [16-23] . Adamczyk and Goldstein [231 flow problems in turbomachinery [28] . At present,
approached this problem in several new ways: the only a few rather sirrip lified oscillatory cascade flow
time marching technique [16] , the Wiener -Hopf solutions have been published although several me-
technique 122, 23] , and formulations in terms cently developed methods are potentially able to
of two boundary value problems solved successively pmovide much better approximations of the actual
and represented by infinite series expressions (20. f low . Hamamoto (29] gave a solution for sonic
21] - Comparisons of the various methods indicate flow past unstaggered flat-plate cascades oscillating
substantial agreement , but additionta l systematic at zero interblade phase angle . He applied Fourier
evaluations wilt be required for a definitive assess- transform methods to the linearized transonic small
ment, disturbance equation .

The differences between semi-infinite and infinite An extension of this analysis to arbitrary interblade
cascade analyses have recently beer studied [24] - phase angles and to cascades with fir.ite blade thick-
An elem entary approach was used to develop analy- ness on the basis of Oswatitsch’ s parabolic approxi-
t ica l solutions for sluwl~ oscillating semi-infinite and mation [30 ] , as well as an investigation of other
infinite cascades. The resonance phenomenon in solution techniques , such as Laplace transform and
supersonic cascades was first pointed out by SarTmoy- collocation techniques, h~ s recently been studied
lovich [251 - The computation of the aerodyrramic [31 1 - This stud y revealed that cascad e interference
forces in the sura r resonant regime has recently effects have a strongly destabili zing influence on
been discu ssed in some detail (21] - torsional vibrations for many parameter combina-

tions.
All of the above analyses are based on linearized flow
theory and hence are restricted to flat-plate cas- The related problem of sonic wind tunnel interfer-
cades The effects of blade thickness and loading once has also been analyzed 1321 using linearized
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transonic flow theory. In the past few years attempts ANALYS iS OF BLADE ROW INTERACTIONS
have also been initiated to account for the presence
of transonuc shocks. In the first such study 1331 Few analytical or computational studies have been
transonic flow through a staggered oscillating cascade performed on transonic /supersonic blade row inter
was examined . Normal shocks were assumed in the actions because the flow phenomena are very wi ru

blade passages. The flow downstream of the shocks plex . Unsteady supersonic rotor /stator interf mnrenc .e
is thus subsonic; the shocks act as reflection planes occurs only in machines with subsonic axial throuqh
for the disturbances propagating throughout the flow velocities; such interferences were apparently
subsonic flow region. The shock oscillations were first considered in 1953 [43] Linearized unsteady
determined , and it was concluded that torsional Os- flow theory was used to study the wave formations
cillations are damped by the shock waves, A similar and interactions between stator and rotor , but no
flow model was used with the Wiener-Hop f technique complete solution could be obtained. The analysis
[34] - The results predicted greater torsional stability was restricted to supersonic absolute flow,
than the com pletely supersonic model but also re-
vealed the possibility of supersonic bending flutter. In a recent paper (44] subsonic absolute flow out

of the stator was considered; wave diffract iu~s and
reflections on the stator vanes wore studied by

The limitations of the above approaches can be fully observing the shock waves formed at the leadingassessed only by comparison with more accurate
edges of the rotor blades, It was found that unsteady

procedures. Computation of transonic flow past pressures were generated on the vanes and that these
a single oscillati ng airfoil using the time marching pressures can excite bending and torsional vibrations.
technique was the first exact solution to this problem Schlueren-opt ical cascade investigations in a sho .k(35 ] - As has already been mentioned , this technique tube appeared to confirm the theoretical analysis
has been applied to oscillating flat-plate cascades Other experimental studies of blade row interactions(16] . Efforts are presently underway to apply in high-speed machines are described below.
the technique to oscillating cascades with arbitrary
blade shapes; the results will provide a valuable
standard for evaluating more approximate but faster ANALYSIS OF THREE-DIM E NSIONALprocedures. Among such procedures , the relaxation UNSTEADY FLOW THROU (; H ROTATING
method is promising although results are apparently ANNULAR CASCADES
available only for single oscilla ting airfoils [36 1 -

The adequacy of the two-dimensional cascade flow
The vibration characteristics of transonic turbine model can be assessed only by comparisons with
cascades have recently been investigated (371 - well-controlled experiments in rotating nest rugs or
Shock motion in transonic channel flows has also by the development of fully three-dimensional soluj -
been studred (38-41] - Asynimptot ic expansion pro- tions. Work on such solutions has bee n um ndert a~ en
cedures were used to study shock formation and in recent years in both France and .Iapan . The thumo
propaqation responses to sm all downstrea m pressure ret ical model considered by Salaun (45 , 46) and
disturbances Dependinq upon the initial conudi- Namba (47] consist s of a single annular blad e row
tions i m posed , either sm all or large amplitude shock with a finite number of blades r r u t , Jtmnmj at a con’.t , u m t
wave motions can occur , even when the shock wave angular velocity in a y lmnd nica l annu lar duct liii’
travels upstrea m from the throat , disappears, and blades are assumed to vibrate ha mmm t oni cal ty at s mniall
then reappears at the throat . Such behavior is similar amplitude , thus making possible the  inca, u/ anio n of
to the shock wave m otions on an airfoil with an the Euler equations and the continuity equations
oscillating flai. in transonic flow (42); either sinu- about the helical base flow . Lifting sumf acim m ethods
soudal shock wave m otion , interrup ted shock wave were used to so lve the res uul t mng boundary value
motion , or upstream propagated shock wave motion problem for the case of subsonic base flow . inter
was observed . The aerodynamic response can easily mtsting numerical results were given. Ac m:orm imng t i
induce blade f luj tter , but no such u .omputationS have Namba [4 7] , three-dimensional e lf m mc.ts are smalt
yet been rmerfm,rnned based on Adamson’s model if the reduced frequency of vubtatu on us w um ll ,ibunvuu
1M-4fl the resonance frequency of the pnedomunant aceui~ t t
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mode, but aerodynamic damping decreases below tunnel using electromagnetically drive n blades and
the level pred icted by strip theory in the subresonant Kulite pressure transducers. Project s completed to
regime The conclusion is that three-dimensional date include measurements on blades with diammuond
effects cause a reduction in flutter velocity. Equally back profiles and multiple curi .ular arc profiles 154
significant deviations from strip t heory were found 57] - Further tests are planned to investigate the
by Salaun 1461 , who also obtained as yet unpub characteristics of high-turning turbi n e cascades
lished results for supersonic flow (48 ]

Unsteady cascade testing is also being carried out in
Europe and Japan . At DFVLR-AVA Goet tim umjeo ,

FLUTTER ANALYSIS Germany , Bubliti 1581 investigated the aerou’ljstsc
characteristics of a nine-bladed highly camnbercd

The flutter analysis of a blade row is considerably turbine cascade in the Mach range 0 4 to 1 0 During
simplified by the application of Lane’s theorem transonic operation large pressure fluctuations and
[49) , which permits consideration of a single equiva- dynamic stresses were observed Lawac/ek and Heine-
lent blade , thereby reducing the problem to that of mann (591, also at DFVLR-AVA Goettinge n, mea
a wing flutter analysis. Blades vibrating only in sured the Karman vortex street shed from a ten
torsion can therefore be analyzed in a short time by bladed turbine cascade exposed to subsonic . Iran
determining the aerodynamic pitch damping as a sonic , and supersonic flow , At ONERA . France a cas
function of interblade phase angle . Chordwise bend - cede tunnel that permits subsonic . transonic . and
ing flutter and blades exhibiting plate-type detorma- supersonic unsteady cascade tests has apparently
tions in flutter require more laborious procedures been completed [60 J - Transonic cascade flutter
177) A detailed description of the blade flutter test s have also been reported in the Russian litera-
theory can be found in Samoylovich’ s text ( 711 - ture (61), and recent surveys of current Russian

work on aeroelasticity in turbornachunes have been
published [62-64] .

EXPERIMENTAL STUDIES
A recently completed experi m ental and analytical

A number of experimenta l programs are currently study (67 ) demonstrated transonic choke flutter
in progress or have already been completed since for an airfoil free to oscillate in torsion about the
igm 111. The supersonic torsional cascade flutter mid-chord between parallel walls in transonuc flow
tests conducted at the United Technologies Research This instability was predicted using a one-dumen-
Laboratories (UTRL) [1) have been expended to sionai flow analysis. The phenomenon is simnilar to
include chordwise bending flutter tests, The pos- the well-known transonic aileron bull , which has
siblity that supersonic unstalled fl utter could involve been investigated by Tijdeman [42 1 -

a large vibrational deformation of the blade camber
line (chordwise bending) was discovered on very Tests in annular cascades are simulating the unsteady
high-speed fans built of composite materials, Tests aerodynamic and aeroelastic phenom ena that occur
of typical high-speed fan blades in the supersonic in transonic turbomachines. An annular cascade
cascade tunnel at UTR L verified the existence of of 16 blades permits testing at subsonic and super-
supersonic unstalled flutter . Linearized aerodynamic sonic Mach numbers up to 1 .4 1691. Electromagnetic
theory as stated in equation (1) could predict basic excitation of the blades is used; the aerodynamic
trends although important quantitative differences moments due to torsional oscillations over a Mach
remained unresolved (531 - number range from 0.6 to 1 .2 are measured . Both

a fixed and a rotating supersonic annular cascade
Complete understanding of the flutter phenomenon are available at ONERA and have been used [70]
requires knowledge of unsteady blade pressure dis- to study the unsteady flow phenomena and shock
tributions. The purpose of a comprehensive mea- motions caused by over-speed operation of a tran-
sur ing program now underway at Detroit Diesel sonic compressor . An annular cascade research pro-
Allison is to determine the pressure distribut ions gram at Detroit Diesel Allison [66] has been designed
and the ir phase relations to blade motion. The tests to obtain subsonic and transonic flutter boundaries
are performed in the Allison supersonic cascade in the stall and choke flutter regimes.
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Another ii,ipomtdnt te st l) rogram iu i i -  u r u t l y  uunple tud r i u m m i l  uu l  I ii iol iuiuty ‘,u ii . J m - l s  i’N,,at S f ur t i er
at Detroit Diesel Allis on [72] d m 1  u m~ J Ii mniuui t t i u ’ u t e t i . . u  dliii i x ~o r u ; u i u ’ n i m . u I  , I c (j I S

strating the feasibilit y of scaled ur iodu l f lu t t e r  t es ts ,
the purpose was to acquire full si.ale f lu t t e r  l .u I .j ,it Steady m omj r m ~~ ua’~ ii ;’ uu’u! fl imuatl u’ ru conductunq
a fraction of the cost of full- scale eimg iule or r uj tests. well ux) n t ro l l d i i i  i u s t ru 4r m le i i i j m l ,j ’umemnlf ’ ntS in
The subsonic stall f lutter boundaries of the mru ude l .ascmj du lu~uunOl s , s~ il i  umu ode l i - - i mu gs , and full
and rig were in exce llent agmee rruent Un t o r t u r u u t um l y .  sca le r i m u i h u m u ’ , I f i u se exj uer  ‘ m i n ts , toget t iem with
for as yet unknown reasons, a si m t i ula r m .orrelation t im:  t t i u o re uu al ijuom ,ac f mu: ,, have u~ u;Jn to lno vu d m
between the supersoniu: flutter b o uu im im ur  cs it t lmu: a u u si f u u l  body if nil , nation that will ser ve ,u’,
full—scale fan and the node! was not obtai ned ;uimde Ic 1 1 m m ’  f l u u t t e m f r e dm: siuj mi of hiqim l u ’ r f o u m r i d u

t r On s o fl hm . tuu m ! .a i muj u h imic ~ t Imiwu vu:, - m muu j ~h lui r ihu m
The amount of detailed unsteady ,u m m udy r m amnue arid ~yst cu r  uli t iC t i Li r I i_ a l  and e x ium , I uue ntal s’,u iS
f lutter information obta iimed in f u ll - scmulu engines clearly re q u u m r mul  fur t umo t lu~ co ’e j  t x  imuro e las tuc
is, of course , limited due to the expense and cu u l ;u  phenuu uuunm a o c m : L u i m  l i t  m u m  i t u u - s u  mm i a i ; h i r uu s is su l fu r.ic’ntly
plexi ty involved in such tests although a nr uuii tuc m of turide i stoud t n pmci vi uJu- Iu:ludbltu desuuj nm infor um iat ior t ,
flutter incidents have occurred - Considerable progress
has been made in recent years in acquiring oscillating
pressure and velocity infor m ation in rotat ing rigs ACKNOWL EI)( MKNT
and full-scale engines using high-response pressure
transducers and non-intrusive mneasur ny techn iques l i u p a r a t i o m i  I i l u c,  revicw was suu t i t u iu r t e d  u/  the N uv,tl
(e.g., laser-doppler velocirnetry, holography). A Air Syst em u s Coumu m u , u , i d , C - u J ~ A l I t  310.
summary of the measurerrients in transon ic turbo-
machines has recently been assensibled [73] in a i m
overview of the current status of t hese e f fo r ts .  It REFEItENCKS
suffices , therefore , to refer only to a few particularly
noteworthy efforts , such as the blade row intemac- 1 - ‘Ii I / u ,  , M I - 

‘ r a, u ’ ,ni c Bl iuj e F luite r A
lion studies of Arnoldi (74 ) and Gallus u- i t al (75] Suivey ,’’ Sluock \JiEu . Dig., , pp 3/ 1 In (J r u i~
and the laser rneasurernents in a transonic cormipres 19/5).
sor obtained by Weyer and Schodl [761 -

2. Bisplinghuft , Il L., As h ley, H., amid Ha l f rm iau u ,
A - L., Act cubist icily, Add ision - Wesley ( 1 9.~~ ) -

SUMMARY AN t) OUTLOOK
3. .lomues , W .P (Ed. ) ,  “Manual on Aeroelas ti ( uty, ”

A number of advanu .u mi r mer i ts have or, irm me nl Sifli .c Part II , A c ro ’Jynai m m u m  Aspu u .t s , Advusnu y Cru q
the last review of transoniu’; blade f l uut ter  ru:mme: j r (;h Aero n aut Res , Devel - (1962).
in 1975 111 . Progress has been made in predict ing
supersonic flow past oscillati ng flat-plate cascades 4 . I ri , (...C., Reissnem , F . ,  and lsim’n , F-I., “0mm Two -
with subsonic leading-edge lo uis , but additional D i rmu r mu si un a l Nonstead y Motion of a Slender
systematic comparisons of the var ious approaches Body in a Cu nipress ible Fluid ,’’ J Math . Phys .,
are needed in order to assess their reliability and 27 (3 ) ,  PP 220-231 (1948).

• computational efficiency.
5. I u u i m l u l t l , M ., Unsteady I iduisonuc Flow , ‘ci -

The limitations of the flat-plate u asc ,ud m m model are qamnomi Press (1961).
now better understood . Analyses of blade th im .k
ness, camber , and thmee-dirmuensiona l flow ef lu ’ .ts 6. Miles , lW. ,  ‘‘ihe Co nripr ussi ble f- low Past an
are underway, but no duf initive resu lts have yet Osu . i l l u tm n q A i r fo i l  in Wind tunnel ,’’ I. Amino
been published. mu , u ’ ut . Sc i., 23 (7), f)~ 1~/ 1 lm78 ( l9 lub)

• Transoriic flow past oS i l la t im m u j  cascades hua~ mmu m. n ivud 7, l a m u m , F - ‘ ‘ $m ut umur s on i m F-low Past an Oscillating
considerable attention , and si m plified shocked flow Cascade with Supersonic Leading Edge Locus .”
models have been proposed and analyied . Ann assess- J. Aemonaul . Sc,., 24 ( 1) .  pp 65 66 (19F17)
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RECENT PRO(;RESS IN TUE I ) YNAM I C PLASTIC IWIIAVIOIt OF STRUCTURES
PART I

N. J onee’

Abstract - This two-part article reviews the literature riiques for estimating t t m e u- l as t IC deformation of
on the dynamic plastic response of structures pub- structures acted on by i m pulsive loads , and Rawlings
lished since 1975. The review focuses on the be— (4] reviewed a wide range u - i l  metal s t m I j m .t j res sub-
havior of such simple structural components as jected to dynamic overloads and discussed manly
beams, plates, and shells subjected to dynamic loads app licatiomm s , particul a rly concerning auto m obile
that cause ex tensive plastic flow of material, safety -

Part / deals with recent work on the behavior of
ideal fiber-reinforced beams, higher modal response
of beams, the influence of transverse shear and IDEAL FIBER-REINFORCE D BEAMS
rotatory inertia, approximate methods of analysis,
rapidly heated structures, fluid-structure interaction, A beam with straight fibers embedded in a matm, x
and dynamic plastic buckling. Part II contains a and aligned along the axis is considered transversely
discuss/on of a few numerical studies on the dynamic isotropic , when the plarne transverse to the fibers is
plastic response of structure-s and some miscellaneous a plane of isotropy This heam is strongl~ .inisotr opm .
comments and concluding remarks. if the value of Young ’s modulus assocua ted with axi a l

extens ion of the fibers is much larger than the values
of Young ’s m o dulus in the transverse plane and the

This two-part article sur veys recent literature pub- shear moduli of the matrix . In this circumstance the
lished on the inelastic response of such stru ctural fibers can be idealized as inextensible with l i t t le
mem bers as beam s, plates , and shells subjected to sacrifice in accuracy. The composite of fibers and
dynam ic loads or sudden applied displacements that rncatrix is known as an ideal fiber-reinforced beam
cause permanent displacements or structural damage, when , in addition to the properties .ilready men-
The results of st ij uj ies on the inelastic response of tioned , the mr uateri al is assumed to be inwr nupressrble .
structural nnmeinbe rs are applicable in various ¶ ields -- This material idealization is a cont inuumn onme in
for exar irple , the developmmient of rational design pro- which rio distinction is made h’ctwee n due bmct u avior of
cedures to avoid the destructuv uc action of earthquakes the fibers arid the response m u - C the r m uat r or Thu static
on buildings; the imniprovement of occupant safety elastic behavior of various idmr ,il fiber ruj nfu,ri.e mj
during collisions of aircraft , autorr iobiles , buses , beams has been discussed Ib i ,  and many simple
and trains, the collision protection of ships and theoretica l solutions have been found.
marine vehicles contain ing hazardous cargoes; es-
timations of slamniming ~nd bow wave damage to Spencer 16) recently deveiopmxi a theoretica l pro-
ships and other marine vehicles; the design of nuclear cedure for studying the dynarriic plastic structural
rea( tom tubes to wit hstand violent transient pressure behavior of ideal fiber-reinforced (strongly aniso-
pulses , of buildings to withstand internal gaseous tropic) beam s. He nnade the assunY rpt ions -

~ in fu nsmtes -

explosions , and of other energy absorbin 1 systems. imal displacements , neglect of m aterial elasticity,
Background nmiate rua l (1) cm>nr .u,nit rattrd on the non and transverse wave propagation - -  customarily used
linear • ffe c’ts of f ini te miusp la u .einient s (ur geometric to obtain the response of ni mj i d - p laslic hea mr mt made
chan ges) arid the strain ran mu - sensitivity of nnaten ials. from an isotropic material , under c e mt a in m.ircu mn-
In addition, Kralcinovic (2] surveyed t Ime exact stances use of these assunnl)t ions leads to results that
theoretica l solutions available on the dynam ic in- are in reasonable agreement wi th tests o rm experu-
elastic behavior of varuous m umjid perfectly plastic mental models [1] . Spence r (6] examined the
structures that undergo infinitesimal displacenients response of a beam of f ini te length initially traveling
Baker (3) published a survey on approximate tech- with a velocity V 0 that suddenly struck a rigid
•Prot.uor , Department of Ocun Engineering, Meuechu,ett s

Instjiuie of Tech nology, C.mb nidg+m , Mauac huset ts 02139
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stop. The solution to this problem can be trans might be considerably lower than that fro mm m et h er
for m ed so as to give the behavior of a beam sub- materials. However , experimental investigations will
jected , at the midpoint , to a constant velocity V0 be necessary to establish whether or not the ideal
that is rruaintained for an infinite duration , In turn fiber-reinforced material model is valid for strongly
this problemrm is equivalent to the case of a beam of anisotropic beams loaded dynanr ically. The cases
f inite length that is struck by an infinite mass M already examined [7 , 9] would be attractive for
trd v u-i ung with a velocity V 0. experimental work because simnilar rigid-plastic

isotropic beams have been investi gated .
Theoretica l solutions have been developed [7] for
the dynamnm’: plastic structural response of various
ideal Cuber m m a rmf i r m .ed lstrong ly anisotroprc ) beams HIGHER MODAL RESPONSE OF BEAMS
w ith boundary couditm ons and external dynam ic load-
ings wh ir h dre easily and reliably reproducible in a Earl y interest in the modal response of plastic str u-ic-

laboma tu ny 1 lie theoretical behavior of these beamns tures was associated with the development of ap-
tm r u ’ also Lm .men compared to the corresponding dynamn - prox imate solution methods; however , with the
ic res r u- un m S~ of bearr is m ade I m u - u r m .  a r i gid perfectly exceptior n of a two-mass discrete model [11 . 121
plastic isotropic m aterial In general it appears that only primary or fundamental response modes have
t he per im mane n t transverse deflections and durations been examined . It is evident that an infinite number
of response of ideal f iber reinforced beams loaded of plastic modes is possible in a continuous Structure ,
dynamically ar~ less than the corresponding values as is true with elastic structures. Knowledge of these
for si m ilar rigid perfectly plastic isotropic beams, mode shapes and the accelerations associated with
These theoretical solutions [6 , 7) were developed them could contribute to understanding the basic
for a rigid linear strain - hardening ideal fiber-rein- properties of rigid-plastic structures that deform in
t m m i . urd mr m a te mm a i the plastic range as a result of dynamic loading

Moreover , information concerning the excitation of
Spenr .’ r  me examined the beam prmsblemn he had higher modal plastic deformations might well be
previously stud ied [6) and presented a theoretical applicable to the development of efficient enmrrqy-

procedure than could be used for a wider class of absorbing devices.
strain hardening materials 18] The theoretical
predictions for an ideal fiber-reinforced rigid plastic Exact theoretical solutions for the first , second , and

h iram supported across a span of finite length and third modal responses of fu lly-c lamnped beams sub -
loaded inmupo ls iv e ly indicated that material strain jected to impulsive velocities having f iist , second , or

hidmdening mor erci ses an important influence on the third m odal shapes have been presented 113] - These
magnitude of the permTl ammen t displacements and theoretical predictions were corrmpared to som e

the shape of the f inal deformed profile [9) . Shaw permanently deformed profiles mnieasured af ter a
and Spenu:er [10) exa m ined the behavior of var- series of higher modal experirmuental tests on alumni-
Oils beanrms s tr uck by masses; in sorrie cases simple num 6061 T6 511 beams. It was u- included that

theoretical results were possible only for a linear geometric changes , or finite def lections , had a sug-
Str a in hardenuru g ideal f i t mer-reinforced rr iat eria l . No nificant influence on the dynan ni uc response , in accord
nrm nrore t ical investigations have apparently been wit h previous studies on unu f omrTul y loaded beammi s
published on due dynamic plast ic behavior of ideal [ 1] .  A simple theoretica l procel uire ) 14 1 was i u , ’ j
fi be r reinforced plates and shells to examine a first nodal m u m sij o r isu u- of a beam The

re sults confirmed that geom etric changes were’
It is evident from theoretical sturlies 17 , 9] that largely responsible for the discre pancy bet wm u-e n
th~ ‘Ciu - r . u lmo n  of the response and the permanent experimental results and theoret ii .al predi .m mon s
tnansver w d m ’ ,placemniu-’mu ns of ideal fiber-reinforced developed using an infinitesimal t lreory
bu-m an mis are sign if ica n t i  y le’ ,s t i m ini the corresponding
quantitnes in ‘‘ Cmq J i vaieflt ’’ rap t m u - e m f . m .t ly plastic so - Infinitesimal and t nnute - def lmr ct mon anna lys ums [1 :3)
t r rmpn n b’’ ,j mns I hu~s it appears that the weight of were further generalized [1 ru to predict dny syn c
energy absorbing sys t m mmn m s made tro rm u mmmater ials metrical u - j r an t isynn inn me t r c a l  mnnoda l r m u - s i n m f l 5 u -  ‘ Ut
ri a r a m . m m m ,e d as ideal fiber-r e inforced r mm ; m d plastic i m pulsively loaded , fully i. lammuim u mcj , ni ju n i , i ’ m C ’  t l y
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plastic beams. The numerical elastic-plastic behavior statically loaded m .u - r i m ’u- 1 - 1b~ l ’ i u - j u - m ’ d  u t  i n n ’, u-eu- nm

of fully-clamped beams subjected to impulsive demonstrated oxpe nimr ieru - na t ly  (20] and stno~v r , !li. j

modal velocity fields was also examined [15] ; the ret ica lly [18 ) t i i d t  shea r failures can de, m r i e ; -  at rh.
spatial finite-element JET 3C computer program was supports of uniform isotropic bea mnis loa fed m m ’
used (16 , 171 . It was evident that results using the pulsively . Numnier ica l results (1~

( also indicate that
simple theoretical rigid-plastic procedure - [ 14 ] , transverse shear forces carl be siq i mu f mcan t  in beams
which includes the influence of gemoetric changes , that undergo higher ‘nodal dr ilu - J i n l ic responses
are in fairly good agreement with the numerical Transverse shear forces also do rni mnate the dv r iar rm i c
elastic-plastic finite-element results. This further response of strongly an isotrop ic be~ r r is  ( 6- 101 -

confirms the accuracy and reliability of the general- The studies cited above irmvo lv u- ’ beamnus u-aied dy
ized theoretical method , which has also been corn- namica ll y into the rdas tm c ani ie , but tm d m sv m rse
pared to some experimental results on beams and shear effect s would also play an important mole in
rectangular plates [1 , 18] - the dynamic plastic response of plates ar - i  shells

The magnitudes of the dimensionless transver se Considerable uncertainty apparently exists concern-
shear forces (0/0~ ) -- where 00 = o0H/ v’~~

, °~ is ing many aspects of the precise role at transverse
uniaxial yield stress , and H is beam thickness -- shear forces , even for the yielding of rig id perfect -
have been estimated from the bending moment ly plastic beams loaded statically , I t has been u-CPmT~on-
distributions predicted by the JET 3C numerical strated that interactio n curves relating hr’riiirug
elastic-plastic program for the first three modes moment M and tra nsverse shea r fo rce 3 are r o t
[15] . The ratio 0/00 increases with an increa se proper yield curves; further support for ti ns vm mr e-

ir ’i mode number , despite the fact that the dimen- point includes interaction curves for I- bea u- mrs th uat a~p

sionless permanent transver se displacements are not convex [21]
smaller for the higher modes. The largest numer-
ical value of 0/00, 0.35, is assoc iated with a third
modal response. The excitation of higher modes The role of transverse shear forces - r  

~~ p~ast ic
in structures can generate even larger transverse yieldi ng of beams has recently been examined (22 ]
shear forces, Thus, the transverse shear force can some just ification was given for .msm n q convex yield
become large for high modes, regardless of the curves for I-beams w ithin the setting of Cngiflmw r
values of the transverse displacements. These ob- rig or classical beam theory. A suitable ccmpro
servations would appear to just ify investigations mise for I-beam s between the simp le loca l (stres s
to establish the importance of transverse shear resultant) and more rigorous non local (piaro . t ress ,
forces on plastic yielding and to assess the influence plane strain) theories might be achieved by using
of shear deformations on the higher modal response a loca l theory [23] with a maximum t m anu sv r r se shear
of beams and other structures , force based only on the web area. it is evident [22)

that revised theoret ica l results (23] now p ovude
Although pure modal responses are not likely to be an inscribing lower bound curve in the M/M0 0/00
excited in most practical problems unless deliber- plane which , because o f its si m pl icity, might be
ately activated (as in a specially designed energy acceptable for many theoretical studies on beam s.
absorbing system), it is nevertheless apparent that Furthermore , theoretical predict io n ic 121 , 24] have’
the behavior of complex structures loaded dynarni- been reasonably approximatund by a sqi mdn mr y ielu - t
cally can involve complicated deformation fields curve that has also been used to solve v, um moos l~mob-
having some of the features of higher modal re e m s  in dynamic plasticity 119] - In fact , He dge ’s m u m
sponses. vised resul ts [23 1 u- mid a square y uei ’ .i . ‘ z ’’ ru- ic

v nu -J e two s umn m plut  m r , ’ t f m o u - j~ fur m rr .s m r n nt n . , l l ~ c om ndu il i
the actual yu mrl m i cum vu-’ n .  arm I bc-,uu mj , d’ ‘ .l u - , u -~’ir r i

INFL UENCE OF TRANSVERSE (221
SHEAR AND ROTATORY INERTIA

Transverse shear forces can influence the respon se A numburr of local and nom ilo u- al th u- monies give s i n m m m l . j r
of dynamically loaded rigid-plastic beams more than curves in the M/M0 ( i O u - ,  plane for c ‘, u m n m s w ith
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rectangular cross sect inns [22]; thus whatever theory the dynamic plastic response of a long wide-flanged
is most convenient can be used , I-beam struck by a mass. A greater effe ct was ob-

served for a simply-supported wide-flanged I-beam
Symonds [19] examined the influence of transverse loaded impulsively. As expected, rotatory inertia
shear forces on the dynamic plastic response of an had the most influence on beams with rectangular
infinitely long beam struck by u- i mass traveling with cross sections. The largest reduction observed in the

an initial velor .ity V0. He simplified the theoretical maximum dimensionless transverse displacements
work with a square curve relating the values of was approximately 11 percent 126] . It appeared
bending moment M and transverse shear force 0 that the effect of rotatory inertia on the dynamic
required for plastic yielding. More recently, Nonaka plastic response of beams in sensitive to the kind of
[251 used a similar theoretical procedure for a boundary conditions and the type of loading.
beam simply supported across a span of finite length .
The bearri was subjected to a blast-type loading - -  one The influence of transverse shear forces and rotatory
that had a peak value at t = 0 and decreased mono- inertia on the dynamic plastic response of beams with
tonically with time t -- distributed uniformly across nonlinear yield curves has been examined by a
the entire span . He presented detailed theoretical numerical procedure [27 1 .
results for i m pulsive loading, rectangular pulse
loading, and exponentially decaying loading. In
general Nonaka ’s observations lend further support
no those u -u t Symonds , in that transverse shear effects A PPROXIMATE METHODS OF ANALYSIS
can be irrnr ,rtant for beams with non-compact
c ross sections , regardless of the type of dynamic
loading, and that such shear effects are important A previous review on the dynamic plastic response
for compact beams subjected to dynamic pressures of structures [1] emphasized the influence of finite
much larger than the cormspo nmdirng static plastic deflections , or geometric changes, and material
collapse pressure (e .g., impulsive’ loading), strain rate sensitivit y.

No restrictions were placed on the a n’nuount of shear Symonds 1281 observed that the nonhomogeneous
slm’Jing at the stationary plastic hinges which develop- nature of the strain rate sensitive constitutive equa-
oct u n  the theoretica l analyses 119 , 25] . However , tions complicates theoretical modal solutions and
connplete severance occurs when the amount of sheau bounding methods, He replaced the nonhomogeneous
sliding equals the beam thickn ess 118] - It is thus nec- relations with simpler homogeneous viscous expres-
urssa my to assure that this m ode of fai l mure does not sions and found that replacing a rigid viscoplastic
control the ru-u -spo nse of u-u part icular beam rather than constitutive equation with a homogeneous viscous
the’ theoretical results (19 , 251 - representation did simplify the theoretical analyses.

The initial stresses and initial slopes of the dimen-
The mnf luse nr;e of rotatory inertia seems to have been sionless stress-st rain rate provided the best fit to the
neg lected m u  all analyt ica l investi gations on the dy- nonhomogeneous exact and homogeneous viscous
namic plastic respo rusur of strur .tures. This situation curves. The homogeneous matched viscous constitu-
has prevailed despite many studies of the role of tive relations constructed in this way were then used
rotatory ur m i rti a in various dynamic elastic problems. in theoretical work [29-32] - An upp er bound theo-

An exact the em nu-t ir,al proc.eriure that retained the rem was developed from the theorem of minimum
inf (nuen ,mm cut rowtc ury inertia and transverse shear potential energy and used to estimate the per marient
forces nun the dynamic plastic burlnavior of beams has displacements of strain rate sensitive structures
been developed [261 The behavior of a long beam loaded impulsively [29 , 30] . Extremal path concepts
stru .k by a mass and the im pulsively loaded simply- 1331 were utilized to obtain well-defined furic-
supported bearrm pmr) blemru of N onaka [251 were tions of specific strain energy and specific co rn-
exa m ined using a sqi uamrr yield r,r ite rio nt . plementary strain energy when the influence of

fmnite -deflectiorm s was retained in the basic equations.
f h uur t h omu - ru u - n u - c a l  pnnnciict io’us for certain param eters The extremal paths for homogeneous viscous rela-
1261 indicated that rotatory mner !ia barely influences tions between stress and strain rate were simple 129 1 -

24

- -—— — —- --- — ‘
~~~~

—
~~~~~

‘— — —



r-.

lii ’ u -u - 5~ u - m n - u - i l  I l m u -  - u - I  / n 1 , 1 mm m um u - m u - u - l u - l u -  ‘u - mi u-v u’ , u . m u- ‘m ~ u - u - u n ’ : ’  I u - u - u - u - m u - l u - ’  u- u m u -I u - n m u - / m u - n  mu - il m u - mm  u - u -, ( , ‘t~ I f u - nIlu-ivvixl uJt~anr work
I ,  t h u -  tu- etiavuu - ur u- u - i  n l u - u -  ‘ ,. u i m u - ’ -  ‘ u- in u - u - u -  r u - u - u - ,  ‘ ,u- u l u - 1 u - - u -  i n - u - I - u -  ( ‘ Ill  iii t h u - u - u - I  (lii: Iuunhm, uvmu- n u - u - I  a ny  m ly namn m u inrot..,lmc rni

‘u- n u t mu - I’ m u ’  m n - I .  w liu u .lu [u-nm u - u - l u - u ’  nu - ’ u - ’ . l n ’ - ’ , ’ : u - ’ ’ u- , um mm I ‘u - In mii i  m u -  m .. uu m I m u - ’  appnu lu- , , ul u : m I w it lu u-u- mnio (jaI m ’ s l u - u - u - mtsuu -
I l i u m f i u llnm ~v arm u ’ .rt r m ’ i m u - , u - l  m u - h I m  lt~Im u u - m i  - I I I  mu - l u u - , i m l m u - u - u - i

/u- u ’, n u ~ u - - nm , ‘ u ’ ’  u - mum , ‘u- m In ‘ u - mu - ‘ u - I l u - u - u - u -  ‘ - , u- u i  u- u i u l um- i lun ,uumiu - I I f  I turn - ,,um mi i, mn,nu -mj~jl l n, mnni i r u - nm m u - i n n  m u- , vu-il ml t hmnmu - ugh iout
c mii i l i um ‘ i i’ u - i u - i . u u -. en nm ’ ’ nu i  u - n l l m m ’  ‘ . . u r u - n i n  ( u u - n , m m e u n u  u - u - n  t hu r u - m m  ‘ - i m l u - m u -  - u- t r i m ’  t i u r a l  m u - u - ’,I u - m u - n u -’,u - . i t is S u u u - ]  to Lit, a

u - i u -mu’ u- m u - u - I  u- i  u - u - u - u -  ,.m m u - mIm i l u - n- t u -  m m m i  m u - I  u - u - )  u - I ii u - u - - m u - u - l u - m m  ii u - u - ui ‘ rim ’’ m n mu - u - u -it, im u - n i  nu s m u - lu  il mu - in Ott the n mu - t h em I~iamn d —

511 , 1 mm i u - u - n  m u - - n  u-~y ol ii u - u - ’  ‘u - n .  u - tm  u - u - i ’ m  u - u - I  u - i u - .u-0 u- u-—l u- u - ’ . u - - u - l u -  u - m i  l u - u -  m l i i -  a ‘u- u - u - p  ‘ni m u m ’  u - u  I n m uuu - mj e f u,r nmm ‘ u- u - l m u - I mu - u - ni ’, m u - u - u - j Im I lu - I ’  required
i n i t i a l  k u i i n ’ I i m  m i n u - - n u - j y  l m n n t m ’ ’  . l , n m u - - i n n u u u -  u - r u - u - l u - l u - vu- l u -.u - ’ l J  urn  ‘.1 - n  . u i n m  u- l u - u ’ ,’ ,’, u- I u - n m u - i u - i m u - i n ,u- , _ u - u - u - I  — wfmu ’ri n l uu - uu - mmm tntn  ii .

I Jr min im In in u - u t ’  ‘ l u -,u- . m l u - u I  i - n l u - m u -m u - u - u )  t I i m u - u u - n  ‘ ‘ u - i  mini l u - u - u - m u - ’ ’. u- _ l i  u n u - p ’ . m m ’ ’ m u - ’ t . u i m  ‘ u - i  u - n m  n l u - m u -  I m u - u ’ ,mm m u -u  l u - l u - in  m u - u - i n ’, ‘thru- m m mi ial

I mu - u - u - .- u - lu ’’ l u - i ’  - u - u - I mI n i u - f u n  u - u - t i m  u - n i ‘ u - i tin n n:s r u - u - u - mu -’,’’ , ( l u - n lu-I u- u- Ii ‘u-u -n ‘Ii u - n .m i- u-’ I ‘ ‘l u - I u - u - u -  . u t l u - u - u - u - u - m n  ‘1m m u- il ‘u - u -u- l u - u t  ion tis mr~q u- i  mm iuu ln’
iiu m m m i ’ u - m u - u - u - u t , I , u - u u u m m ’ l ’ , u - .  u - - u - n v,u - l u - ’ ’mu - l m n imt m u - u - l u - -Il ’  u- n u n  u- un ’ I . u - i u l u - r u - u - u -u - m u - n u - . m i i ’ i ( i  u - u -, un Cu t tIn ’ : ,,u i m me u- us thit irn itial vmnloe,ity
u - n m u - ji m -v mu - i l  ‘ u - i mu - u , m u - u - l u - ’  u-~ t I u -  ‘u- 1- , - i i ’ ’ n u ’ m . u m u -  u - u - u - i  iii n ? ,  l u - u - u - c u - u -  c l i : ,? n l u - ’ u - t m ’ u - n i  n u t  1 1 m m ’  u- u - on r ‘ u - - u - r um u ri nj m m i ut u mu - u - i u - m u - i 5 uv l ’  lraiing

u - u - u - u - -vu -n , I i ’ -  u - i - - t i ’  u - u I u - m u - - l i ’  n u u u - n m ’ , u-c u - u - n i ’  u - c u - u - l u - l i - u - u - u -  u - -u - m m u - -~r~ in u - , x u -_ ImI, tm n ,nu j i l i.i n m .u- u u - u - u - u - , t d m n u -_ u u- s .

u -u - i t vu- ‘ my u- u- I - r u - u -u - i t  u - v u - - n m l i i ’  u - l u - ‘ u - u - l u - u - u - ’ ’  u - I  l i i -  ‘‘“.m ion n ’ , ’ M u - i t n m u- n iu - i  ‘u / m u -  u - un i u -is I t im)  developed a u- .n u te r i ,  u - nm for

ij uu - n , u i  mu - i . ‘u- u - u -  I I u - .  u - i  ‘ ‘ m m l i ’  ‘ i tv l,j m I ‘ u- u- I m u - u - r i ’  l m n u m  u n nu - ]  I I/I l 1 u - u - u - l m u -  l u - u - u -  ‘u- I’ ,  .u- - l u - u - u -  I n j  the n n m u - n j m i u t  m u - u - l u ,  u - u - b  a mn u dal
u - i n  u - e m  , u I u - i u - n m u - u -  mm m i i i ( u - u -n j  t ’ m u - u -l m u - ’ u - u - u -u- u - u -u- i vu lu .u- n . i t y  h i m - l i inn u - u - n u - J m ’ m  to m n m i m m n m m m u / e  the mnrnmi r  due to

u - u - li l t ,  m u - - l u - n  ii u - i l  u - , u l  u - u - u - u ’ )  m u m  u - nm : ,  lu-form, n u n _ Inn ml ly, ( hon
T i m ’ ’ u - i l  u - j  u - I n  hum u - m u -’ )  I l u - u - ’ ’  u - m u - u - u -  u - u - u  . mi - u- u- I m u - u -  u- - ‘ u - l i  u- in ,,  - ,u m u m i ru- lu - un t i m ’  11 1 1 m ‘l ,iu- i e u - u - m i  i t  u - u m u - u - u - u - u - l u - u -  II u - n m mmix  ulmiation

‘u - I n n  u - l u - l i ’  ‘ . n m u - u - u -  tm  in il e u - m u - u - l u -  u- I ’  i i i ’ .’’ I’ I ‘u - mum - u - i n  n /u- u- u l u - u - u n ’ - ’ ’’ , u - u - u - I ’ m  I u- n .u- u- I l u - i n u- u s innu - l  u-l i 1sn~m u- m i u - u - m l n l u - u ’ u -u- m u - i  - ir u-*xdoiir v is mu i
u - I  f r i - u - c u - m n  .‘‘l, ‘ 4(11 I I ’ -  m r ~u -p m ’ m u - l u - - n  I. ‘ ‘ ‘ u - u - u - ’ I nn  li u- , u- u m m u - i u -, u- I _ u - m m ’  l u - u - u -u - u - m n ,  I b u s  t I u - t u - u - m u - , t u i ,jl wcm n l ’ was (lnu-vnu-loj,ed

l u - nm II u - u - u - u - n i l  u - u - I ’ ’ ’  I ’ ’ ’ ’ ’ u - u - I  In u -u - - u - l u -  inmm in mm m ’ J t u -~ u- l~0 m ’  u - u n u - u - u -  u . n  l u - u - n ,t m u - u - n  m u - u - r u - - ’, t l u - u - u - n  m in u- u -i n n u - l u - u -  in t inrt es innra l disr lace—
u - u - I ’  u,il In, l u - ’ ’  m u - _ u - i ’  i m m m i x  mm r im un mu - u - i n  . j u - l —  ‘ ‘ ‘ u - u- u- I ’m u - i ’ , I I ’  u- r u - u ’ , ? , , It u- i - u - n m )  l u - u - r n r u - r n  ‘ u - I  f u n  m l u - u -  ‘ l u - u - I  u - l u - u i_ u u- n n m mu - i ’ntS has not

u- u - r u - l u - u - u - n  1 m m u - u - i  u - i  l b  ‘ ‘ u - u - m u - u -n I ,‘ u - . u - ’  u - i ’,’ u- n use’ I m n ~u - muum i In u / u - u - n  lu- I ’ ’  ‘ u - u -  mm m u - n  u - n  I u - n u - nm j t im(i ni I b , m u -  w uu - mk , -

u - i u I ’ .m vu- r i  y I’ u - u - u -  I’ ‘ u - i  lu- u II , u- u- -~ u - u -  u - m u - u ’ ’ -  I l u - i .’ u n i t  p.- m t  I u- - I

- ,,i m ’ iwu u - I m  u - m u ’,’, SI” ’ t m m u - m m  II ,’  t h m u u - u - n u - ’ n u n  , i l  m u - u - u - i : ’  l u - u - m u ’, I’. n yu - mu -  ‘ i u - ’ u - j m u - u - u - ’ ’. ‘ . 1  h r r , u - ’ ’ j m m i m r  ) u - m , , u n m u -  pm ob lmnm nu , (_t)nsistinq
u n  t I  mu ’  n i mu - i .~ inn tin i n I u- i u - i , , ‘ r u - n I t  I n . u - n i  - v u- - n ’ , ’ ‘ I m ’ -,l ‘ u - u - u - ’ ‘ u- u- u - I  I wm m m .  ~‘ , ‘ u- ’ ‘ u- u- u - u - m u - n i - u -  l u - u - I  tuy m m  u - u - u ’,’,1’ sc u - n ni l’., has Luua~n

in , ’ u - n m ’ , c - u - u - n ’ ’  i.u- n i l u - u - n - u - I  - u - u - 1 ! n u- _ u - u - m u - u -  - ‘ u - n ”  ,imu - j u n  n u-j m - i i i ’ ‘ u- ‘u - m u - u - l u - u - u - u - I  ( ?i)( - u - u -  ‘u - l u - u -i u- o nua ry u- i u -u -u - i i m  - ‘,n.u- luu - t  ion was ob
n n m i n n l , u l  n i’’ ’ u - I t - , ( P 1 11 m m ’ i~ u-~ mu - ‘n l u - u - u - u - u ,’ I m u - I , ,  mu- u - ni ’ - n ‘ u - i c  u - u - u - n i  ‘ ,vl m u - m u  m l  m m ’  trial Suitu-po rts ‘u- u - i u - m , l n u - u - u u -  tm nnuvtu
,i l t l m m u - u - m u - j t i  u - u - u - u -  u - i n . j i u - -  ‘ in m l , ’  li~~- -u - mt ’  u - i u - u - i u - n u - k i ’  l u - u - v u - u - I ’, u - u - i ,  m u - u - u - u - u - m u - )  II t hr um s It u - l u - m u - n Is ~ ,u -v in n u -u- m n ’ s i nu - u mn u uu - , l axially,

-‘ u m m n i  / u - j Im my ’ m ’ u -~ u - ’ - n i n i m i ’ m u - m . u l  ‘ - ‘ m i i i ’ , l u - u - n I _ u - r u - l u - ’  I t  u - / u - u - u-m m , ml was r i m  u - u - ’ - u- ,u - mmy to m u - u- u- : an lu - u - nat ive iriethod
ii n m ~ m u - u - I ’,,’ , II m i t  u - m u -’ n ’ ‘‘u-l u - u - m n  m ’ ; nhil m n l u - u - n n m _ u i ’  m n n i u - i m m m  u - I ’m m u - u- - l u - n. u - i n ,  a’, ’ m u -  u -n m u - m ’ u - u - I  m u - u -  m u - l i :  r u - I n  uI m u - n i t ,

mu o n m u - u - r i m  mm in cu-u-u- n uu-mti u- u n  u - l u - m u -  u - u - m u -  u- u - - i n n s  u - n i ’  - ‘ u - i u--n m l  m u - u - i  - u lim un it

Ii v(u- lit u- u u - i u -  l i i i ,  m u - u - ’ ’ ,— ,r ‘‘ l u - i ’  ii lu - i u - n’ ni ,‘u-u- ; u u- . m u - n i t  I i l , ,  I l u - m u -  i i  mu -u-’ b u m u - u - ; ; m m u -  u - u - un u - u - n  m u - r u  l u - n ’  u- i i — il u - u - n ’ ’ I m u - ’, Lu-emmni u sed
f r r  a r u - u - p ’ 1  l u - i ’ m  It’’ m l ’ ,’ l u l , m ’ u - m m n  u - u - u - i n n  n — u I , u - I  ‘ u

-
. u- n is nu ’,i (_f I I - t nu  i ’ u - , , u u - i u - m n m u ’  u - u ‘ l u - u - u n m u - i t ’ ’  ‘ u - u - n i ’,u - t i u - u - u - :  fr i lly cl an nuj u ird

~ nm mu - u - zu - ni  wh’ r b m u - u - r  . u ; ’ n u - r u - m .’m m m u - . u m i n u m u u -, •i’u- u- , , u - r m . u - n ’ ’ . I  wi lll r im ,  u - u - l u - u n  l n l . i i l u -  iu rm u- J umrq ui nij lu - i nu l t u -  tnu - inlc v ir rs tu - deflect uons ,
‘ , m i , u m n u -  r u - u t ’ ’ ‘ ‘ ‘ m u -  m u - v  u - u - u - u - ’ ! .  l i ii’,, h i m ’  l u - l u - i r e  ‘,‘lu-u’, c — u- m i n i m u m , )  to mu - u - v ’  a su-indwu’ I n (u-ross

r u- n l r,lln n m n j u -  mm u -u- m u - - I  m u- Cn n I ’ m u - i u - ,  m l i i i  u - n ’  uvn ’ l i i i ’  u- u- i  inn - u - m i ’ ’ , u- u -u- u - I n ’ u - m m  u- u- mid l u - u -  1mm, nn iu - m n l m t  u - m i  u- Ii’ m m m i ,  u - u -I n t i l u - mu - mu ’ ;  vu s u -  r u - m u - s

u- u- i lu - m u - p u - n  m u - u - u - r u - u - u I ’,’’  I’ u - u - u - u - l u - u -  ‘ m u - r n  u - - n m _u -I I m u - u -  iterativ e r,m_jlutron I’ tu-cenlure required
I s n m u - u -  n u - u - m u -  u- y u- li u- u-, l u -u- u-u i  I u i ’ vm u- i mu -u-  i n m u- r i ,  than a five
j i m - n m  u - u - u t u - j u t  l r u - n n ’ m m u ,u - -  bet wmimmii two u-,i uu i i u - rs uv t u - iterations

‘ ,y - u - u - n u - n u m i s  , i mm ’ l  ( . l n n j nn  (‘11 - 121 u I _ u - u -  u - : . ’ . u n r n m n m u - ’ u -i m n u n m u - l u - i l  mu - I  th i n  n m m i m l l u - u - i m r m t v u - u - l u - u - u -  m l y  u- i l  a h y m n t m nnu e , This nunniemi-
u- ui iii u - i / i ’ m  u - u - u i  m u - u - n i  m u - u - u -  ‘ u - n m  u - p m  m u - u - ’ , l i u - r  ‘u - mm  ‘ mm i i u - i n  u- ‘ ,u - ’ , u - ’ ,n I  m v ’  r uI u-in i.m . J  - u - m u - u -  W i’, niij umnattu -d u - u I  about 13 1 no r ,  steps to
‘ m i n i m  r u - u - l u - u -’ , win iml i l u - u - m n i l l u - i ’ ’ n m  u - u - . ,’ I l u - m a I m ,  u - l u - f l u - - ’  t i m n i u - ’ ,, u- l n ’ m u - n u - 1 u - u m m u -  n l m , ’ iu n ’ ’ m a - , u l  u u - s l m n m u j l u - ’’ , l n u - n  f h m  f nm m a l lm l u - mmm m , i mmin r n t

u - r  n l u - ’ u - m n n m m ’ n r n u , u b i u - u n u - u - p : ’, ‘,cju ’ nu -  r u - — l u - u - m u - u - u - i  in) 1 1 m m ’  l u - u - u - r u -  l m , m u - m ’ u- -,uu- n’ ; u- mj i ’ , l u - l , , m  ‘ ‘ m u - u - m i t ’ , (311 . TIer various apm roxi-
u - _ n i l u - u - u - i l u n i  ‘u- i b m ’ , mm ,, iii ml n ru - S I u - u - u - i u- u - vu - u - u -  u - m u - _ u - u - I ’  ‘ m u - n j  , u - Iu - imv ru - ‘ u - u - u i  m u - u - i l ’, u - n m i bin m l i ’m ’ u - n ru - I mm mii ~

‘ii i u - u - u - u - I n  m u - u -  are conservative
(su-u-’’ I Ii’ li i i  ~u- l u- u- u - ? ,  - I ~u- ‘s~ mu - in u-sr i u - u - b f l u - u - u i  mu - - u - I c’i u- , m t m  u -u ’, u - n .  l b  m u - u - u - n i - m u -  ii u - u - ui I I mu’ -,u- sbin u - nu -Id ( ‘ ‘ u - t i I I m i mu - v iu - rml s l  irnu-attis

.‘ u - u - n -n tm ’ ’ ’  I u - u - i l ’  s t u n  um m u - n  - u - I l u - m u - u - I  mI e n u , u- u - u - u - l u - l u - m u -  I u- u - xn m ‘ in u- u - I  u- I lu - n I ru- u n m sv u - n ‘ u- u- - ii mu - u -I u - l i ,  t , n u - u - ‘ m i t t  I—lowi,viln - t he them)
lu - ,u - uu- ’ imm n u - I  u-u- . n I ‘ u- u- iOn, u - l u - ’  l u - u - i  ‘ u - u i u- / u - u ’  n - m u - u ’  l u - i n  u - I n ’ r “ t u - i ’,u l l u - u - - u -l u- 1 r u - u - n m ’, ‘u- i n n it below i n u - n r t m s i u m , n m m l u r u - n l  ox
‘u-j )(.u - n i ’ u- ’ m u - _ l u - m u - u - I  ~u- ,‘‘ u - i u - u -’ n j  ‘ u - f i l m ’  v-u- u - i ,  u - i l i n t , ’ - u m u - u - i r - i u - u -- r ,  u-u- u - n m u - u - u - u - l u - m u -  ‘“u- u - i l l,, I 1/ il- Il 5,’,liii .i u - l S ic ~j ’ju - u - mut~ for the

m l ; , ‘ n u - m m u - l , j l  u - n , ’. m u u - u - r u - ’,u- kim -u - u - u - vu- u- , t hu - u - ’ ii i:, , n ’ - t n . u - r n n  y l u- u - v u - ’  mu- t e n t  S i u u - i u - l u - ’ u -u - i u - mn j  (31 1. 
- -. -

I irm su-,mlg m m m l i i ’ , ru - u - u - u - ’ ihmnim ,’ wPrui u - u -u ’’,? - . m u - n u-,, ,, n y nvmode ti ,rnn~
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T t u tu -  nm i m u - m j m ’ ,uppn mu - x i ’  nait i n u - mu te r ; hmn u ique has also been m e d  ate pressures were identica l to the theoret cal
m u .sr’ i I 47 I l u - u -  u- u - n uudy ml u - mm dyinan nu- ic behavmom of circular solution [48) except for a difference in the static
j u - l u - o u - u - ’u- :,m u - l u - 1 n u - n. l t ’ ml to axisy rn innm etni n ,, pressure pulses collapse pressures; the difference is related to the use
u - u - l u - n m  u ; l n r u - n m u m u - I n u m. m .Iu - , , im i l ru - S we re disreqarnied ; i c .  of different yield criteria. A two-degrees -of-f reedom
i n m bmnu - i t i n s mn nia l disp l ,u-u-,u - u - n n u - e ru - t u -, Stationary m m d c  solo systeni [461 and a simplyu-supportod circular plate
h u m us t,xmsl r,ui r .u - nu ly for imnnpu ls ivc’ loadings or when the 1471 have also been exarru-ined .
‘,lrj i I , u - u - u - u - b I bu mu - t , x t mu - m r ial  pmessur c u- distribution was the
sa nm u lu -  u-u-s the mnio rj u- ul shape mut the transverse displace ’
n m m tu - nn l field. Wmerzbicki [49 1 developed a simplified strain-rate

sensitive const itutive relation and demonstrated that
i t i , u - i nm i u - n  ,un ’id u- u - y nnicum’irj s 140 , 41) recently presented an eigenfunction expansion method could be em-
ex t ien u n n u e nu - la l  results ru-i a test program conducted pioyed to examine the dynamic behavior of plastic
‘ m u  slm airi m u - u t ’ ,  m jemr s i I i v u - m fra m mue s arid fu lly - clamnpec, continua when the displacements remained infinites-
i:iu,ular nu l u - ,urs smu-bjec’ted to im pulsive velocities that imal ,

m n n u - d uu - m,t nul large lu- itmnm mar lent displacerru -ents , The ex
l u - i ’ m  u u - i u r , n m t a l  m iu - s u - j l t s  were connipared [42, 43( with theo- Maier and Corrad i 10 1  derived an upper bound
m e n u - u -.inI j u - m ’ mmiu n .tions of the m l u s ; u - l ac t tm m i r u r i t  bound and theorem for the dynamic infinitesimal displacements
c nmi u - u - it, a b u - l u - n o xu - nnua t u - o n cm ,ethods 130 1 , of elastic- plastic continua using the principle of

virtual work and Drucker ’s stability postulate , The
[ b ut , m u ; u ; m tu - r  buuj n m nl theorenmu (29 , 30) and the m ode final form of this theorem contains quantities that

u- u n u - j u - n i u u -’ i i nma tm (u in  i ru - u , h mmuu l u l u - ,  [31 , 321 were considerably are either known when motion begins or are related
mml i i i ’ ,  d u - ff m m,uj lt r bu- , u m u- s im m u j u-l a , r igu -n i , perfectly plastmm , to a solution of the same dynamic problem con-
nrmt,thod s and the r;uumnu -pu - u -m at m v el y simple procedure sidered wholly elastic,
used I’ m u- lu - c r , ’ , ’, lint, umitluence oi finite displace rrnents
Ii , 141 l b i m wi”u-u- ,,, tbuu - u - upper bound theorem and the

mnoi iu-- d l m l u - rnu u -u - uniu - u - u tm u - ) n) tC’cbinmque are useful in that RAPIDLY HEATED STRUCTURES
lb utt y lu - n ’ )’, ide sm’,m n i t ’  unfor neat ion about certain features
u - u - I  l Imit ‘,lnuu - c t u r a l  response that would be much more Large neutron pulses can cause a temperature gra-
t u -Ajmenusi v ” u - f u-u- nunmrer ical procedure were involved , dient to develop through the thickness of a structure
Mr .urr u - m i im lx ) r ta mu - t l y ,  perheps , the methods provide made from a fissionable material. This temperature
mnsiçjtil r i te sonmre characteristics of plastic structural gradient can cause curvature changes in such struc-
‘I u-’ mu - . ui n ,u - cs, tural members as beams, plates and shells as well

as other effe cts. The structural response is governed
‘l u - u - u - l u  amid V ’ l i ru - n/b u - u - n,k u [441 constrtu-i .l u-u-d an alternative by dynamics equations when these curvature changes

lI u - i, i u - rImmnu fur nu - l u - i u - m umm m nu - q  uipptnm bounds on the perma develop in a sufficiently short time . The dynamic
m u u - u - m i l  dis p l u - u - u -,u - u - n i m u - m u - u t ’ ;  of innrpulsively- loaded rigid structural response can thus be estimated with
i u - i :m h’ u - m l y l u l;i ’,I m m , ‘,Inu u .lm ire s wi th large displacements. rigid-plastic anu -alytica l nnethods when the temperature
l b ii, lu - i l i um i’m mm ru -m ed ct ltd reasoniable valu es for the accelerations are suff iciently large -

u- u- ru- m n m u uu - m c m 111mm mimar ie nu - n transverse displacements of a
lu - i l l y  ‘ . l t m m i j u - u - ’ u - i  l u - u - , u - m u n ,  .,u- u- 1 1t,i . l tmnt  to u-i urn ifo mrmr ly dis u - Parkes (‘ u - i l  examined the dynamic inf initesimal

0 n c u - l u - u - u - m u - u - u -i uncu t  u - u u - I .u-ve vmtlo u- I  v t mi ml n I d isplacemnient response of a free rigid -plait in. beanmi
sublei;tod to ii time-dependent and spatially- mnde

II n’ I’ mmmr lu -j nn u - lu - n  m i nI n f  mu - u n u-u - u Inn ist u - u - u- mu - h dyn am m nun . plastim ; pendent ther m al curvature (XI) ,.The behavior of the
‘‘ ‘‘ u - t i ’’ ‘,m )l u -ut cur - , l mu - n ‘u- i l ium h u m ’ , t h u - u I uurtderujo m r u - f in u - l tm s beam depended on the speed of heating (or XT1-
u - i n  mu - i l cl m ’ ,j u - I . , ’  am i i i  u - n mi ~ I lu - nyu , tiu n u nnu - u - n x , t m nii m il , u - I frn)rn a A free beam remained rigid 2 for sufficiently small
d i m i ,, tt n u - m u - , nl vuu - m w l m u - u - u - n it (‘1’, 4/) . E n ’ u niv 14b1 studied values of ~-j, at higher values a discrete plastic hinge
‘lie uI~’m ua n niu p I u- nr , i iu . bn’lu-avior of a smrnply supported developed and became arm expanding and contracting

icjum i l u - u -In fu- u - n,fl y plastic shallow cap subjected to a plastic hinge h one) at still larger values of ‘
~j .

mu - nmilo ~mn ib- ~ ‘l u- t m min uted pr u -’ S’, u - u - nt n with a ren .larmgular
I” u - ”,’,u - mm i, minim . I mm’ .tr u - my - F rju- him iv ”, theoretica l results TPie behavior of a free beam having a temperature-
f l u - n ibm ~r l u - i u - m r iu-anent ui i u - , I u - l , u - n,t,n nim-nfl t j u - no f i le for int mrr independent plastic mom ent and subjected to an
2 r u u - .~ t,’ ,,,,, ,i u- ’P,,,ns due no the th ermal ‘urv atu re X p-~ but the .s .ocm.tad max imum bending moment is lies than the fully pisetic

t,sr r i i i ic u- nt nnomfl.’ m u - i
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Xj with a sinusoidal 3 terriporal form [51] is co mrr- FLUID-STRUCTURE INTERACTION
pl icated For example , the earliest dynamic response
associated with a large value of XT is a rigid phase; In a recent review (55] Krajcinovic distinguished
this is followed by a phase with a positive central between steadyu-state arid transient behavior of
plastic hinge . An expanding positive plastic hinge structures interacting with a fluid and discussed
(zon e) then develops , followed by three additional the general features of transient interaction problems
phases a positive central plastic hinge, a contracting involving constant and variable wetted surfaces.
plastic hinge, and a negative central plastic hinge. The theoretical behavior of a transient interaction
Finally, a rigid phase develops before motion ceases. problem is simplified considerably when the struc-
The sequence of events depends on the magnitude of tural material is idealized as rigid-plastic. The theo-
xT and is ‘undoubtedly also a function of the form of retical predictions of such analyses are useful when

Thcn latter has not yet been explored , however, the ultimate performance of a structure isof primary
concern , provided the usual restri ctions associated

In a m ore recent publication , Parkes [52J examined with such an approximation are satisfied [1-4 , 55) .
the dynannmc rigid-plastic behavior of a rapidly heated
cantilever beam subjected to the form of con- Krajcinovic (56] examined the dynamic response
sidered before [51]~ The exact theoretical solution of a simply-supported rigid-plastic beam resting on

a semi-infinite pool of incompressible, irrotational ,was complicated , even though the displacements
and inviscid fluid. The governing equations wereremained infinitesimal and the plastic moment was

temperature independent. Parkes [52 1 found that formulated for a beam subjected to a time-depen-
dent external pressure that caused infinitesimalthe approximate theoretical analysis of a so-called

strong beam -‘ having all deformation restri cted in transverse displacements. Evaluation of the fluid
a hinge at the root of a cantilever -- was much sim- back pressure and the virtual mass associated with
pIer . In addition , the analysis predicted surprisingly a simple triangular deformation mode for the beam

without any traveling hinges was the most difficultaccurate values for the final displacements after the
relief of the ther m al curvature , task. Krajcmnovic also examined a simply-supported

beam subjected to a uniformly distributed pressure
and found that a single mode transverse deformation

Wnsn eewski [53] examined the dynamic structural profile was valid so long as the magnitude of the
hehavm or of an aluminu mni 6061 T6 rectangular plate external dynamic pressure was less than about three
sru-b~ected to an Xu-ray deposition , When the entire times the corresponding static collapse pressure [56] .
surtai m u - of the plate exposed to the X-ray deposition The permanent transverse displacements were less
is heated almost simultaneously to high temperatures , than those that would be obtained in vacuo
some of the material melts and blows off . The blow-
oft c r eates an impulsive load, which creates a stress Krajcinovic 1571 also examined the dynamic be-
wave that propagates through the plate toward the havior of a simply-supported , circula r , rigid , per
rear surface . Simultaneously, the material below the fectly plastic plate resting on a potential fluid The
exposed surface is heated, inducing a compressive response due to a uniformly distributed externa
stress wave that is refle cted as a rarefact ion tensile pressure with a rectangular-shaped pressure t inn’me
wave from the rear surface. The possibility of spalling history was obtained for a conica l transverse dis-for sufficiently large stresses should therefore be con- placement profile , A conical displacement profile
sidered in such studies, could be used for external pressure pulses with

magnitudes up to somewhat more than twice4 the
Wisrn m ew sfru - [53] simplified the problem described corresponding static wllap~ pressure The t heo
above and used an available computer program to retu-cal pned iclions tom thim u-repulsi ve velom.ity loading
predict the behavior of the material during the firs t case were also l u - resented “71 - Howt u-vtnn , ihesin
few microseconds of the response, The numerical results u-urn of doubtful validity until it has been
preriim;tions were mu-sad to generate the input for an established that a statically admissible qenerali.med
elastic-plastic finite-difference scheme 1541 for stress field can be a~sociated with a conical dis-
predicting the structural response, the duration of placement profile It is unlikely that th e assoc iat ion
which sin milliseconds [ 11 . can be established , however , because it is known

~T m ~~ch~~ct. ftic o eutron hesengmepu~.dr.sctoc 
‘ - - - -

Equation 60 157) gives a ratio of 2 when in v,cuo and 2,346 fac a st eel plat, w ith a radius to th ickne ss ratio of 25 reettng
on water
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that traveling plastic hinges develop during Ilne ity ( including u- u mnloa de nq) , ‘ n u - in lm , r u,u - I stna in h a rd tm mu -un i q,

respm)nse of the sannie problem in vacuo, and mm n at em mdl strain mate sensituvn ly One interesting
conclus ion was that a significant e rrom is ;u-ssomciated

From the work reportea (56, 57) , it can be con- with the incan tation of th u -u - ‘, tmu - u - i r m rate Sm ,ru5ul nv t ,

cluded that external dynamic pressures m ust be relations.
low - only a few times larger than corresponding
static collapse pressures - beca use lamger external I t uu ,m i m u -u - tic al solutions (56 , 57 u u-y j l u - u - u - vu - u - lmnru - m~ devel
pressures would probably give rise to traveling plastic (4ted In um struc’iumc’s will one side dynamically loaded
hinges that would complicate the calculation of the and the other side in contact with a fluid; an tu-xan nmple
fluid back pressure and virtual mass, would be an mniternal explosion in the hull of a ship.

Structures are somnet im nm -,s subjected to a disturbance
The nonlinear influence of finite transverse displace- that travels through a fluid Irom a distant source;
mmmen ts, or geor nnetm nc changes , would have an imnipor- f u r  m ;.~;u-’rup le , extu,,’ m mm , u - l  explosion acting on the hull
tant effe ct on the response when maximn ium per - of a ship (60] - Other types ‘i i practical problems
manent transverse displace m ents exceeded the might involve the impact of a Structure Ori a fl uid ,
corresponding str u- u- ;tu ra l thickness. These effects as the slamr nning of ships and mnianine vehicles; or the
have been discussed (1 , 141 for beams and plates impact of a fluid on a structure , us the water wave
in vacuo and exposed to dynamic loads on one impact on a barrier or offshore platform . Simple
surface . Theoretical results (58] illustrate the inn- rigid-plastic rrmethods developed [61 u-631 to estm nmiate
portant strengthening influence of m embrane forces the damage sustained by sh ips and mnarine vehicles
that developed u- ru a simply-supported circular plate from severe slamming and bow i rripacts were in
subjected to a static pressure distributed over the surprisingly good agreement with experimental
entire surface of one side and another static pressure results, The theoretica l mnethods wuild be developed
distributed within a circular region on the opposite further to examine other problems,
surface .

Theoretica l solutions (56 , 571 h ave beemi si nmu - p l r f ie d DYNAMIC PLASTIC BUCKLING
by neglecting the generation of waves on the surface
of the fluid, However , in a practical beam or plate The work described in the previous sections has to
problem involving a single m ode transverse defor- do with the inelastic behavior of structures that
mation profile , it is inevitable that waves would be have a stable response when subjected to dynamic
gemmemated on the fluid surface outside the supports loads. However , dynamic plastic buckling, or uns table
when the fluid is assumed mnconrupressible . Never- behavior -- which is characlmu-riied by wnin kl inq,
t hmu - lm u-s s, it is possible to retain the incom pressibility as in static buckling - can occur when certain struc-
assu m ption without generating surface waves by tures are acted on by large ex t emrma l loads,
using more complex transverse displacement fields;
e.g., a nnodification of the third m odal velocity fields A brief literature review of thu -u - (Jynarnic plasti m.

113 , 15] - buckling of rods , flat plates , cy l i t m n l r m u ; a I  shells , amrd
spherical shells has been ~nresented [11 . It would

Duffey 1591 examined the transient response of appear that the dynamic plasti instability of all
visco-plastic spherical shells submerged in a fluid, stru ctural problems investigated thus far occurs as
The inner surface of a shell was subjected to a spheri u- a result of the growth of small impertec rions in other-
cally symmetric impulsive velocity that produced wise uniform initial displace m ent and velocity fields ,
a stu -lnun n ica ll y synm lnm ru - tni n , structural response. Dulfey Unlike classical static buckling analyse s , no distinct
wrisiu-Jered the inviscnd fluid to be compressible and value of the dyna mmuic load that causes structural
used the r.lassui ,u- il wave equation to evaluate the instability is predicted by theoretica l analyses.
fluid t u- r mms s i ure . The thickness of the chell was assumnned Rather , the resu lts obtained nnd mi u- u- tm , the way’ in
to be sufficiently thi n so that the mater ial in the which lhm u- dmsp tau- ;mu-ment profile of a sl m u - u m , tumn u - ’ m u -

entire shell could pa,; sintnultaneous ly (writ an elastic c rease s with ti mu- u- fun dif lnu- rent nl yna nn m m u - . load lmnvels
to a plastic state. With these simplifications , Duffey Buckli ng is said to occur when the dynannm ir. load
was able to examine the influence of material elastic- reaches a threshold , or ‘ mntnca l , value; thu - s value
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is associated with the minimum unacceptable or suggested 165 ) and demonstrated for shells 166) .
maximnuinu- acceptable defum nation , the nnagnitude
of which is defined arbitrarily, - The critical mode numbers observed during tests

have been compared (64 ) with the results of all
The dynamnic plastic buckling of a cylindrical shell known relevant experimental investigations. The
made from a rigId linear strain-hardening material results were reasonably consistent, notwithstanding
and subject ed to a uniformly distributed , almost the differences in yield stresses of the materials ,
axisymnru-etnic, external impulsive velocity field has experimental techniques, and the fa ct that the
been examined 164 ) - An especially simple solution buckled profiles of cylindrical shells and rings are
for an infinitely long cylindrical shell allowed various irregular . The experimental critica l mode numbers
characteristics of the response to be examinecfanalyt- typically increase with an increase in the length to
ically. For example , the dynamic plastic buckling radius ratio and with an increase in the radius to
of a long cylindrical shell was more sensitive to initial thickness ratio.
imperfections in the profile than to imperfections
in the initial velocity field. This is fortuitous because Experimental results [64 1 indicated that the est uu-

it is usually easier to control imperfections in the mated threshold im pulses [67) (equation (49 ) in
initial shape than imperfections in the initial velocity [64] ) assures that permanent wrinkles in the deform -
field. Moreover, the greatest amount of scatter might ed profiles of the rings will remain small . Howeve n ,
be expected in the experimental critical mode num- experimental results 164) demonstrated that the ratio
bers of long cylindrical shells with large radius to of wrinkle (buckle) amplitude to average permanent

thickness ratios and/or small values of the material radial displacement decreases as the impulse rnaqnu--
parameter ~~~~ , the ratio of tangent modulus to aver tude increases.
age flow stress 164) . Furthermore , local elastic The manner in which initial geometric imperfections
unloading is more likely to occur for shells with thit of the rings influences the wrin k le amplitude has
larger radius to thickness ratios and/or smaller values been explored [64) .
of the material parameter Ø~ (64 ]

The general features of iso -danriage curves in a diunerm-
The theoretical predictions for the dominant be- sionless peak load-impulse space have been discussed
havior , critical mode numbers , and threshold impulses [68 ] - Such curves were convenient for representing
from all known previous studies on the dynamic theoretical predictions and experi m ental results
plastic buckling of cylindrical shells and rings sub- on the dynamic response of various structures sub-
jected to external impulsive velocities have been ject ed to pulse loads (as distinct from oscillatory
summarized [641 . In addition, experimental results loads). Moreover , an iso-damage curve for the dy-
were presented from a test programn on hot-rolled namic buckling of a simply-supported cylindrical
mild steel and aluminum 6061 T6 rings subjected shell under uniform lateral pulse loads is not very
to axisymmetric external impulsive velocity fields. sensitive to the amplification factor -- that is , the
The experimental values were compared with all factor by which initial imperfections grow during
known experimental results and with theoretical the response -. or to the pulse shape. Iso-damage
predictions for the dynamic plastic buckling of rings curves have also been plotted 1681 for the dynamic
and cylindr ical shells. The various theoretical pre- plastic response of beams and circular plates sub-
dictions were widely divergent: some were in good jected to the transverse dynamic loads responsible
agreement with corresponding experimental values , for stable behavior and infini tesi m al displacements.
but others were not. Iso-damage curves presented [62] for rectangular

plates retained the influence of finite transverse
Simple theoretical predictions for the permanent ra- displacements , or geometric changes.
dial displacements of rigid perfectly plastic rings sub-
jected to an axi symmetric velocity field (equations Florence and Abrahamsorm 1691 observed that the
(28) and (33) in [64 ) I generally agree reasonably well stability of cylindrical shells and rings subjected
with the permanent average radial displacement re- to large external impulsive velocities improved during
corded in the experimental tests , provided any mate- deformation when the increase in wall thickness
rial strain rate sensi tivity is accounted for , as has been was taken into account. They defined a critical
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impulsive velocity that is associated with a specified pulsive Loading,” Shock Vib. Dig., 7 (7), pp 107-
acceptable amplification factor . Impulsive velocities 117 (1975).
larger than the critical value thus produce acceptable
departures from the circularity of a cylindrical shell; 4. Rawlings , B., “Response of Structures to Dy-
impulsive velocities smaller than the critical value namic Loads,” Mechanical Properties at Hig h

are responsible for unacceptable damage. The general Rates of Strain , J. Harding, Ed., Inst. Ph ysics
trend of experimental results [64) indicates that the (London), Conf . Ser. No. 21,pp 279-298 (1974).
ratio of the wrinkle (buckle) amplitude to the average
permanent radial displacement of a ring decreases 5. Spencer, A.J.M., “Deformations of Fibre-Rein-
as the impulse increases, forced Materials ,” Clarendon Press (1972).

The governing equations for a ring made from a rigid 6. Spencer , A.J.M., “Dynamics of Ideal Fibre-
linear visco-plastic material have been formulated Reinforced Rigid-Plastic Beams,” J. Mech,
and used to study the case in which the impulsive Phys. Solids, 22, pp 147-159 (1974).
velocity remains constant during the collapse of
a cylindrical shell onto its longitudinal axis [69) . 7. Jones, N., “Dynamic Behavior of Ideal Fibre-
The governing equations were solved numerically; Reinforced Rigid-Plastic Beams,” J. AppI.
the results indicat ed that linear visco-plasticity Mech,, Trans. ASME , 43 (2), pp 319-324 (1976).
drastically reduced the amplification factors and the
preferred mode numbers, thereby contributing to 8. Spencer , A.J.M., “A Note on an Ideal Fibre-
the stability of a cylindrical shell. Reinforced Rigid-Plastic Beam Brought to

Rest by Transverse Impact ,” Mech. Res. Comm .,
Lee 170) explored the bifurcation and uniqueness 3, pp 55-58 (1976).
of elastic-plastic continua loaded dynamically from
a fundamental viewpoint because random initial im- 9. Laudiero , F. and Jones, N., “Impulsive Loading
perfections, or perturbed motion, may be insuffic ient of an Ideal Fibre-Reinforced Rigid-Plastic Beam,’
to describe the dynamic plastic buckling of some J. Struc , Mech,, 5 (4), pp 369-382 (1977).
structures, Lee also developed a quasi-bifurcation cri-
terion for the stability of elastic-plastic continua 10. Show, L. and Spencer , A,J.M., “Impulsive
loaded dynamically 171 ) . A quasi-bifurcation of mo- Loading of Ideal Fibre-Reinforced Rigid-Plastic
tion develops at a time tcr when a nontrivial perturb- Beams,” Parts I- I l l , Intl. J. Solids Struc. , 13,
ad motion exists. No applications of this theorem pp 823-854 (1977).
have yet been published, but Lee claims to have suc-
cessfully used it to describe the dynamic plastic buck- 11. Cl-ion, CT .  and Martin , J.B , “A Rationaliia-
Iing of rods subjected to axial loads. Lee showed that tion of Mode Approximations for Dynamically
his dynamic quasi-bifurcation criterion reduces to Loaded Rigid-Plastic Structures Based on a

Simple Model ,” J. Struc . Mech ., 4 ( 1) ,  pp 1 u - 3 1

(1976).
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BOOK REVIEWS

NUMERICAL METHODS IN FINITE of finit e elem ents , including hybrid and mixed
ELEMENT ANALYSIS models , are considered . It is the reviewer ’s opinion
K -J Bathe and .L W ilso n that the Galerkin variational approach should have

Prentice-Hall , Inc . Englewood Cli f fs , NJ been included .

Numerous books on finite element analysis have Chapter V I resembles a manual on using a finit”
appeared in the last few years , this book is ore of element program . Lists for static analysis programs
the better ones. Written by the developers of SAP and flow charts are included as introductory material
(Structural Analysts Program) f inite element com u- to more advanced sections.
puter programs , the book consists of 12 chapters
divided into three sect ions Chapter V II concerns the use of various modern

method s of analysis to solve large problems . The
Chapters I and II im i t r J ( l u - o ,ir t i a t r ix  methods , be- Gauss elimination , Choleskey method , Givens month
ginning with sir riple u- , ; u -e r j r  nit’ and progressing to od , Householder ’s method , and the Gauss-Seidel
vei .to r s;.u-e .es and ~,I , ’u-I u - ur :es , m atr ix representation iteratio n solution required for static analysis are
of Iirie. jr transformati ons , and art introduction to described .
van u-i t  or u- i l for n i  i.i Ia t ons t he chapter (u-u nd udes with
ei lerivalue soluti on s ,I u- i sy ri i nri i rn r ii.al rilatrix , the Chapter VI I I  describes the direct integration rneth-
Rayleigh quntient , an)  vectnr - iou matr ix norms. ods IHoubolt , Wi lson, or Newmark) used to solve

the more difficult dynamic problems. Although the
C h , i i u n u - r s  Ill u-ted IV conta in a bas ic formulation content is sometimes difficult to understand , the

of t hu- f in i te  e lc ’ i n u - ’ r r inr u- ’ t ho d arid an introduction explanations are clear. The chapter concludes with
to beam amid I u - i t u -~ ;u-fane str ess) e lermients , plate mode superpositions .
b’’ridiriq ‘Ienriu - ’nu - t~ , mu-I thre e dimc’ns inr u-al solid ele
ments A (loud di su - i’,’; iu - ri of conver ;onu- .e require- In Chapters IX and X direct integration methods
rTif(IitS e u- i u- 1u -u- t u- i  a riesm ript inn of gonieraliied coordinate are applied; their shortcomings and their accuracy
finite eli rrieril nmxmu - Jols In t lie for io u-da t ion u- if iso- are reviewed. The important eignevalue solutions,

,ir anni I r i  imlemrr i~nts , the authors derive the basics which are i m portant in cutting computer m usts ,
and pun.eed f r u - n n two-di m en sional to more corn u- are presented , as are common methods of mass
plicated three-di rrienst u- n i u l elerrients Gauss poin ts ndrrnalization , static condensation of nodes, and
amid Jatol imu - i r i  niatritim’, are explained , u-is is their role approximate methods The chapter concludes with a
in isoparu rietm ic relat ionships , the lu -u; t u- -m conc lit i-Jes brief discussion of component mode synthesis
w ith nuni m ui integration rnr eth ou -Js u-soil to solve
the integrals e r mi; u - l o y i~l in n isopa rarm ietri m . re lations Chapters X l and X I I  consider the vector ite ration
[ l u - n  reviewer would h~ v u- u - i~ eu- i to have u-,u- rnn rriore method and its variants , as well as transfo rrn,it mi m i

applications of interpolation fr ,rrm ii ,las fo r Ihe higher methods namely, the Jacobi , Sturm seqil en e i u- r o~x ’ m
u - i r dnm 20 node solid el u- innien t ty, and the Householder 0 H iteration method Thu-

large eigensolution requires special methods , and
I an ,

~ 
f init e ir l ’mrr ne nt work involved va miui io rial for- the authors describe the determinant search ami d

rmnul at mon the a u - it hors m u - ui; mm tire this u - i’,; u- i rct ri Chap- subspace iteration .
ter V arid show its relationship to the Hayleiqh-
Ru - t i  m ethod The hapter includes a formulat ion of This is an excellent book , with clearly wri t t e n cx
heat t r u - i r i s f ” r  irial ysis u - m u - I non(X)ntorfriirig displace- planations and computer programs. The careful
ru- inn-based finit e u-r lirm neni ts Other form u lations reading required is well worth the effort. The review
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en heartily recomnriends this book to both beginners Chapter III is devoted to the solution of a collection
and t hose  wi th  experience . It should be on the desk of problems associated with finite motions of elastic
of anyone involved in finite element analysis. solids. First , two examples of quasi-equilibrated ,

controllable motions are presented : radial oscilla-

Herb Saunders 
tions of a cylindrica l tube and radial oscillations of

General Electric Co LSTGD 
a spherica l shell . These results obtain for an iso-

Schenectady, NY 12345 
tr opic , incompressible elastic material , The notion
of simple waves in nonlinear elastic bodies (resem-
bling and generalizing plane waves in linear elastic
solids) is developed and illustrated in the remainder

E LASTODYNAM ICS of the Chapter . As an example , material found in
VO L U M E  I F I N ITE M OT I ON S Appendix B is used to discuss the Riemann problem

A . Cemal Eringen and ES ,  ~uhubi for a isotropic elastic half-space and to bring out the
Acaderri un. Press , New York and London, 1974 concepts of longitudinal and shear waves in non-

linear elastic solids.
This is t f me  f i r~i of a two-volume set on the dynamics
of elastic continua , u- intended , hopefully, to remedy In Chapter IV , equations necessary to examine small
th u - u -  need In n a riqounous study of the mathematical motions superimposed on large static deformation
th u - ru - i ry u - f  elastodynam mu-ics “ Volume I consists of of an elastic body are developed . This material
four u-.ha ;i te ms and two appendices as follows: finds application in the study of the stability of

mo t ion , as well as in numerical analysis of finite
I Basic Theory motion of bodies.
II. Propagation of Singu lar Surfaces
I l l . Finite Motion of Elastic Bodies A substantial amount of the material presented in
IV . Sn ai l Motion s Superimposed on Large Static the book appears in two earlier works of the first

Liu -u - t iu - mrr ia t , on s author . Repetition presumably serves to make this
A Tensor Analysis volume self-contained.
B. Q iasplinear ‘,ysrerri ci Hyperbolic Equations

iuith Two Independent Variables The design engineer requiring knowledge of finite
wave motion in nonlinear elastic materials will find

Ch. mr .me r I ; rov ude s the reader unacquainted with a little consolation in the authors’ observation that the
u- u- u- de n im tre atrren t of the rriijchanics of continua field is still “barren .” Although this book is a step

a r ,ij nir .i ’,u - ’ , readab le e~ ru-osure to kinematics , balance in the direction of building the foundation on which
u -n ini.ii l’ s , and conl st itutnve equations for thermoelas - rational design will ultimately be based , it will be

ti m solids A re .tangu lar Cartesian reference system clear to the reader that rational solutions to the
us rr r ’ ; i?oye d , wit h the aid of Appendix A , the results real world problems enunciated in the preface remain
can be expressi ri in u .ij rvi l in uu - a m coordinates when a dream.
needed F u-u’ ld equations are obtained for f inite
rru - ,n l u - u - r i  cut nonlinear elastic solids and specialized Karl S. Pister
to linear arid quadratic approximate theories Professor of Engineering Science

University of California , Berkeley
Cha;- r ’tr It i n it m r u - u - l u ’ u - u -, th’ geometry and fundam ental Berkeley , CA 94720
lU~’~~ ConditiOns relevant to moving singular sur u-
tar ,~ s I Iu -sw rii inuuty si irfa ,esl in materials The
‘, unu - ’ ; u - u - Ia r su rf - u i-s au-s un i.mted with r ru - u - ut u(jri of a m aterial
hu~ ’Jy ly r i nical i.omnip atihil ity conditions , and the
u- jassifui ,ut u - u - u - r u -  of singular su rfaces are treated Both
~t’ucuu k waves and acceleration waves (so und waves)
in” u-f ,sc us -aid h r  ‘-1, -i .r it bodies, with specialization
t ri m a,;eleration wave’, i n isotropic, as well as in-

lu eu-at I’m i ,ii S
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SYMPOSIUM ON RAI LROAD EQUIPMENT teni/a tiun u - i l  th u - u - v ilu- mat iun e r iv ln u- ,n u - r i u - ’ r i t  In l u - u - in

DYNAMICS t i u - .i j lar , ii ‘ ‘ u - - u - u r in e’, t Int m u - u - l u -- un i o n u - f t u - . - I r i u u - i i u - i u - i r

R Byrne , Editor it i. . ’, to ‘u - u -  t i c _ il c u r  au- ,u.u - u - l u - - m u r i o n i  u - u - r i d  uu - u -,t ililishes the

I he American Society of Mechanical Em u i j i r i e un s , 19/ b pr u- r ionui nu- ru u-u - i:t i.,iuit I r u-quienicy u-in this vi brat ion
to m the test result s u u - u - r i~ i riuu - r u - u - d

This volume is u-u- collect ion u - f eight u - u - pu-r u -; u - n u u - s u - u - m i t -d

ut the Joint ASM E It LE Railroad Conference r u - ihe t hree u-u i uu - r u - u - in t h e  -u-u- ciii ;rcu up 1,1 a r t i r  ‘ - ~

April , 1 ) / h It is a sample of c o rn u-u - n t analysis , lu-u - sn exa m ine specific .robler rus is - u-o r i a t u -u- u -I with th u - u -  lu- u-

ing, and l u - u- -,ur ; ur t u - u - u -. f i r u - iquies tom i r r i ; u - n u -.u-ving the dy niandinq c u - r u - i t ions of coal l u J l i n u - u - ;  unit train ‘ J t u - u - r d

namic perforr r once of rail vehicles and conniponents. tiori , I u. t u -  i t t  u - i .l u - u - d iscusu - ,’ s  the m u - ‘i’) u - u - r i ,ul u - i u - r a’ u - n -,

Vehicle vibration is the principal , though riot cx - test’ u- used t o  identify ,i ri i im -uv es tu - u - ju t u -  W u - -  u-~ji .j’,u-;’, of

c lusive , concern of the papers. Althoug h there is the l u -n o b l e nu- is  and describes the du- ;siu -j ni m odi f icat ions

no formal division , three distinct types of articles that provided the engineering fi. uu - ’ , in ea.h case.

are inc lu- idu- -d Weber und Driver iiesu- .r be their investigation of
cracks in tnuck bolsters. I hcir fatigue analysis , coon

i f ic  first tu - /p u -’ erm up hasiies unathe m natnol m odeling dinated with the test program , revealed the need

and data ,unalysis, In t h u - u -  f i rs t  paper , Schoffel defines for heavier structure to assure lower stress levels for
the ~onifl i u - ling demands of lateral stability and the severe clyna ru- it . environ m ent in the service ex-
curving pu- rforrnance on suspension and wheel profile pected of the unit tr ain vehicles. Rhine , Will iams ,

c haractiu - r us t ,cs . Iising simple mathematical and and Druv c r . in a short article on corrosion fatigue

laboratory wheelset models , he indicate’ , the rn u - t i  bOdi i~5 u-u-nd a longen one on Bninelling u - u - f

pu- intance u - f  w P u - u - e l  wear to l i m iting dyn a ’ r i u - u-  behavior , ro ller bu - r a n i r u -~’, during uu- ri pac ( operations , descnibe

The possibilit / of substantial im mi prover n icu it in both t l i~ 
u- u- i j i i u - ’ u -, ’ ,Iu-jl u-si.: of strain gage instrumented com-

huntinq and curving with cnij ss - b r , mu - (- u- I t ruj c~ designs 
P0: r u - m i t ’  to u- iiaq ncs u-; and relieve problems. In  each

is (iiScu-u-S’,u- :u-d and ‘)u.-r rionstratecj with field test results case the m e n ) lii i ro ;u- u-’ nly .haractenuie ext reme
I u - .u - i ii r u j, ladin g, and operatir uil conditions in relation

Gang , Chu , and MeIs fu- u - i.iu - s on the area of l u - u - t i  ‘ rd  to di:sign - ;ic i . r I i u - .,mt ions is d aily identif ied -

dyna m ic. st ibility - They illustrate the use of linear
models for u-drumuit ric studies of suspension r;harau . The last u - _ i t o . by Isler , CIi n u-j u - :nnu i a n, and Paternoster ,

reris tics. A m odel of a sp ’u- i . i f ic fi .u-ur ni le vu - ; bic l u - u - u-u- is lan i ju - u - i  u-u- descriptiv e It is a re; cu n t of the design fea-
iu - su-u - d no m di’ ut u - the sensitivity to , as ~ielf u- is inter tu nes of u-i b in — u i_ il rap uu- i transit rail idssu- nqer car

untion suspension , wheel p rof i l e , and creep lu - am ine- The constraint of nearly equivalent , iccu - :le rauron i
tu:r s on linun ’mr u- nitica l hunting speeds. u - u - : r tormnance under gas turbi ne u - nj i.onvcu-ntional

DC third nail power emnu;u -hasiie the i ’ ,’ ,:iu u - ci speu- .ifi-

CooIu-u.rrid er , Law , et al l u - nu - u - s i : r i t  their u - u - i n t l cml for ca t ion r u- for propulsion and syster mi operatiu - ri
u- . h , i r _ i u - t m’r i/ut inn u-i f the nonlinear variation of wheel!
rail prof ile ’, as a function of lateral displac .u - u - r u ient. In sunrumary, the volume is a u- i t  ‘ii u-:i,irnplus ( u - f  the
[ hey estab lu-sh u u- .rirr’: l_ itio n betwee n the ir ari ,tl ytica l enmgin neenirig tools dial are being u-ipplu-ed rather than
m i i i u- u -x i u - i u - n iniental tu-nu,u -;edur es u n )  present a s u- t r r i ; i l e  an exhaustive survey of all features of rai l  dynamics
of th u - n un results for spec ifi u-. prof iles. The lord u -u- f the It n u-u-;u-resents a kind if ~u u - u - i J n i ’ s ’ ,  r u - l u - ut  t on thc in-
result’ ;u r o vi u - )u - u - :u - a duu - su .riptir ,n of si~ .f i i u - a n a rnu - c tu r r s  i nc i s i n g  awarenuess of u - ir u - u - J u- :onr u- - u- rn wi th dyna rr ic

as u- .u -u - f l icuty arid lmuv i t r i t onal st i f fnes s , ‘u- it c h r i d n_ i rn i i u -  i u - n iv ino f l u r i en i ts  ml ii set the Iu ’ r u - i t’, on o per a t iu - r l  per-
m u-u - r u -u- u- I u : t u - nn u-’niine the l i nni i t ~ of dy n am ic p u - u - m tu - j r mmi an li.iu - I ru nmance In particular , it lin iv ideS a useful d ur j u u - s t

in ~ir u - u - u - l y t i c aI r i i c l u - t l s  u - i f  rail veh icles . I ht u - : authors u u - f  evolving nei .Iiniquu:s and idc’r t ti t i c u -s the riced for

u - m d  others h.u-ve r u - u - ; u - ,n ti- u - u - i ‘,ii u -.fi ‘,mudiu:’, in mu - u - u_ u - u - nit fur ther ru - u - I  inu;mnen it of tfiu - u - su-: tools.

work

(iuiuri s , in t hu last p iper u - f  this group, uses randorni A .B. Pen roan
vibration techniques i i i  a mu -al ’j e e f r u - : u - 1ht c an nude De;u- ,j itmnii’nt of Mu-u- l u - m ini) ng in u - u - u u - r r u - u - )
u - i u - j t a  He ermip h i s i/es t h u - u - u -  imtupurnd nu u - u - u - of ‘ u - pu- :’ tral 1 tilts University
a mnu- i l ’~si u-, ha rdwa nu- ’ in power spectral density clu - ara . Muu -nl l u - in tl MA 021 Lu - l u -
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~~~F. RAI . I’*’OKMAT ION

CC)NI E_ F~F N(1 LOCAl ION F f u m r j i s t m _ i t u - u - u - r u  u - h _ n . m ‘~i u t n ’,u- n it_urn fl u’~~i ,t n , m i u - ’ .r . l f ’ u - r - r u - u - p i ’ u- , ..‘~~~~u- f ’ ,/t(,

t u - u - u - m i, arid l i i i  lu - iu - .’, i f u ’ , u - t t u ’ i .I u - n u - i u -  il ‘.lu - ’,’.uu ,nu ’ , e u ’  ,j t m l . -  f~u u i u - u - j . u - l  ‘.,u - u fu - ’,u- i i fi u’ m’ u - l t’~u - n I ‘‘u’

Ii u tuu - m n ‘ u - i t  u - u - n i l I nn , l,t~u- m’, huum u - I t’ u - u , 1)
l’ .im mi u) u-i mu n fl u : I u - ’,m u - .ini ’ i/u- - i r l u - u - u- i , ‘_‘: u  ,, ‘ ‘ m ‘, (,tu -j un

HF . G ISIFtA I ION All  n u - ’ u - ) u ’u - t n . i n u - t ’. u - u - u - i ’,t u - u - u - r n i l u - I u . f u u -  mmn , u - ru , (~ ,u- .b u - , i u - m i r u - u m n u l ri. I
,imu UNCI A’ Sll I I) lh uu - u h i ’ , t n .m t  u-u - mu  C,mi u h , which m a y
tie u - u - f u - t _ i u m i u u - u - J  f r o mmu t hu .: ‘,V l( . f u - u u - t n u - m u u -  t f u - u ’ V  r u - u - m y  a t f u , n u - u i  (,um nuu - m a l Hu:q u-st rati ’ nu- (All u- mt b u - u - ’ ,~ ~,hi0 m)o
the u i  b u - i i i u .,ml ‘,‘u - ’,tiu , m u -  nit thu - u - - I m u - t u m mu - u - i t  ‘m i m I liii Au)
v;inc u- u -  re m ist natu i i i i iS .t mu - ut uq1 y n u u - .t u - ni u - n m u - u - u - m i u l i u - i i

F I F F f uu - q us t mum t  i t in f u u - u :  u - u - i  ~uu - r ‘, the u- u- u u- s t u - f I huu u - l u - m u - u -
u .unnm iinunj u - .  ru - f  t f u - u u -  49t h ‘,h i u - u - u - .I’ and Vibration S y m n u - i i u -  F or m n u u j r u u -  u i i f , i m u - u - u - i t n u - u - i i  mm thur u - y n u - u - ) n i u -’,u i u u r u -  u- .u - u - m it ,iu

I burn .’ u , m uu - u -  f u u - u u -  for u-v IC An n ual ‘,u - u - h u - ’,i .m i l u - u :m u-u-

arid l u - n  [u - a r tu i . i ) iu mu !’ , ‘u - u nm m .um t he’ mu - : u - j i ’u- tn ; i t  (u- ri tee u- . i u - u -,u- uu - r ’, T hu_i Sb uu ,u .fr. and Vibration lnf on nnu at um ,mu (.u : mit em
on ly t h u - u -  m .uu- ’,t ru - f t h u - u :  ~u - ruu u- .m u - ’ :u Juni uj ’ ,, t h u - u - u - n u t  wil l he mimi Novim l Flirsearchi I ,jbmj natr u- ry (.u,uii u- 8404
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OPENING SESS ION 3. Mult iple Shaker Trans ient Weselonm Control - P RA DER
and R. BERRY , Martin Marietta Corporation , Denver , CO

(Uncie,sifi,d f 9~0O A M, Tuesday, Octob er 17
Was hin gt on Room

4. On the Use of Coherence F unc ti o ns mu Ev a iu ate Sources
un t Dynamic Fx cit ati on - S BARRETT , Martin Mar ietta

Cnu-nsinman Mm Br”c K eegan, NASA Goddard space Corpon at,o n , Denver , CO

Fl ig n um Lou_ ian , G reenbel t , MD
B REAK

Cocf -ia irman’ Mr Henry C Pusey. Director , Shoc k and 5. Status of Cavity Noise Phenomena Measurement and

Vibration Information Center . Naval Suppression 81 Aircraft - A G  T IP’TO N and C H HOD-
SON , Rockwell Int enui emional , Lu-u - s Angel es . CAResearch Laboratory , Washington , D.C.

6. Exper4mental Evaluation of th e Effect s ci Payloads on
Welcome NASA Goddard Space Fu ig ht Center the Space Shuttle Acoust ic Envu -non ment Using a 114

Scale Dynam ic Model P. RENT/ . A P IERS OL , Wrepresentative
WOOD , and J. WILBY , Bolt Beranek and rrlewman

Canoge r’isrk , CA
Keynote Address - Mr . Andrew J . Stof an , Deputy Associate

Ad rym lnlstrator for Space Sciences, Na 7 . Cavity Noise Induced by Aerodynamic Fiow L.A.
tional Aeronautics and Space Admlnis- SCHUTZENHOFER , P. W . HOWAR D, W . W C LEV E R ,
t rat lon , Washington. D.C. arid SR . GUEST , NASA , Marshall Space Flig ht Center .

AL

Invited Papers “The Role of Dynamics in DoD Science SUPPLEMENTARY
and Technology Program” Dr. George
P. MilIburn , Office o f the Deputy Barkley Dam Gate Vibration Field Tests E D . HAR T
Director of Research and EngIneerIng and J. L . HITE , J r., U.S. Army Corps of Engineers Water-
IResearch and Advanced Technology ) , WaYS Experiment Station . Vick ~~urg, MS
Wash Ington , D. C.

“Dynamic Problems in Large Space Sess ion lB (Unc lassl f led ) 2:00 P.M. Tuesday . Octob er 17

Structure s ” Dr. Michael Card . Dr. Monroe Room

Gannett Hom er , and Dr . Ray Mont-
gomnery, NASA Ldngl ey Research Cen- BLAST AND SHOCK

b r , h$ar nm pton , VA
Chaj mnu- u- , m mu Dr . Jimm ie P. Balsara , U.S. Army Eng i.

“Analytical Model for Pradict Ion~ of near Waterways Experiment Station. ,
Noise Levels in Space Shuttle Payload Vick t bur g , MS

Bay ” Dr. John F . Wilb y and Larry 0. Cru -m -h ei in m ne m i Mr. Edw ond Rzepka , Naval Surface
Pope , Bolt , Beranek and ~ewman , Weapons Center , S il vu u - n ¶,pm unu-~. MD
Canoga Park , CA

I .  Snaps fl Stnu j r. ture s M. /AK , Jet Pr mn ,u ism o n Laborat o ry,
Pasadena , CA

Session IA (Unclassified ) 2:00 P.M. Tuesday, October 17
Adams Room 2 A Simp lif led Method I on Evalu ating Wave Pnopa get moa

In Complex Structures . J O . COLTON and T P. DE S-
VIBRATION AND ACOUSTICS MONO , SRI International , Menlo Park , CA

Cha j rmmu an u , Mr . i ‘l u -ian K . Stewart , U.S . Army Arma- 3. High g Pyrotechnic Shock Simnulat ion Using Metal.to ’
inent R&D Comrmia nici , Dover , NJ Metal Impact - M. BA I arid W . THA TCHER , Motorola ,

Cmu - , :b , mi rm im n Mr. Larry Cook , NASA , God niaru i Si,ac . GED , Scott sd ale, AZ
Fl uu i l u - n Cent er , Grerun ubei I , MD

4 An t .x p enimnuu mut al Duns lu_ in for Total Cm m nt a, ne r Impact
- Prnt u- .t u - ul i t y of F . i i lu j r u - u- Pr ixlic m mu - u - u - u  Iu u - n SIep-Str e%s Fatigu e Itespomuse Mod ulin uu- j at Ext r ente Temperatures V P.

Uruder Sin.: or Flanidormu Stress . R . G. LAMB I AT , G, i uu , m u - i I K CJBLLR , U S MIF1ADCOM , Huntsville , AL , R .~A.
Lfe r.tnu - u . Cu - u - inipa ny , Utica , NY WYSKIDA and J O . JOHANNE S, The University of

Alat~mamauj In Huntsville , Huntsv ille , AL
2 Sig nature Analysis of Inertial Gij idancum Sys t o rn us - D. F .

SUI. LIVAN , Charl es S Draper Laboratory . Cambr idge.
MA BREAK
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5. EmpIrical Procedures for Estimating Recoilless Rifle SUPPLEMENTARY
Breech Blast Overpressures . P.S. WE STINE and R E .
RICKER . Southwest Research Institute , San Antonio . T X Development arid Application of the Mobile Dynamic

Analysis Laboratory (MODALAB) ‘ R .C. STROUD .
6, Blest from Bursting . Frangible Pressure Spheres . ED.  Lockheed Missiles and Space Company, Sunnyvale , CA ,

ESPAPZA and W E . BAKER . Southwest Research S. SMITH and G A . HAMMA . Lockheed Mi~su les and
Inpti tut e , San Anton io . TX Space Company, Palo Alto . CA

7 . Test Evaluatio n of Shock Buffering Concept for Hydro-
dynamic Ram Induced by Yaw ing Projectile Impacting Session 2B (Uncla ssified ) 9:00A. M. Wednesd ay. October 18
a Simulated Integral Fuel Tank -PH , ZABEL, Southwest Monroe Room
Research Institute . San Antonio . TX

HUMAN RESPONSE TO VIBRATION AND SHOCK
SUPPLEMENTARY

Air Blast Response of Tapered Beams Using Finite Ele- Chairman: Dr. John C. Guign erd . Naval Aerospace
ment Method ‘ A .V . SINGH . Defence Research Establish- Medical Research Laboratory Detach.
merit, Suffieki . Alberta, Canada ment , New Orleans , LA

Cochairman : Mr. Donald Wasserman, National In-
Prediction of Fragment Velocities and Trajectories . stitute for Occupational Safety and
J .J. KULESZ , L,M. VARGAS . and P, K , MOSELEY . Health , Cincinnati . OH
Southwest Research institute , San Antonio , TX

1 Problems and Progress in Blodynamics - Dr. HE . VON
Session 2A (Unclass ified ) 9:00A. M. Wednesday . October 18 G IERKE . 6570t h Aerospace Medical Research Labora.

Adams Room tory , Wr ight-Patter son AFB , OH

MODAL AND IMPEDANCE ANALYSIS 2 Muu-sc uloskeletal Respon se to Impact Loading - Dr. L .
KAZARIAN , 65701h Aerospace Med ical Research Lab’

Chairman. Dr Ben Wade, Jet Propul sinu -ru Labora . oratory , Wright-Patter so n AFB . OH
tory , Pasadena , CA

Cocheirman: Dr. George Morosow , Martin Marietta ‘m Human Impact Acceleration Facili ty .W . H. MUZZY Ill ,
Corporation, Denver , CO Jr and G.C. W ILLE MS, Naval Aerospace Medical Re.

search I aboratory Detachment , New Orleans , LA
1. An Impedance Technique for Determining Low Fre

quency Payload Environments - K R . PA YNE . Martin
Marietta Corporation, Denver , CO BREAK

2. Modification of Flight Vehicle Vibra t io n Modes to
Account for Design Changes C.W . COALE and M. R 4 Whole-Bod y V ibration of Heavy Equ ipment Operators
WHITE , Lockheed Missiles & Space Company, Sunny’ D E . WASSERMAN , National Institute for Occupa.
vale . CA t ional Safety & Health , Cincinnati , OH

3. A StatistIcal Look ai Modal Displacement Response to 5. Vibration Characteristic s of the Hand - Dr . D.D. REV-
Segnent lal Excitation - W i  KACENA . Martin Mar ietta NOLDS , University of Pitlaburgh. PA

Corporation , Denver . CO
8. Recent Reserach on Passenger Reaction to Vehicle

BREAK Ride Quality . Dr . ID,  JACOBSON and A R . KUHL-
THAU , University of Virginia . Char lotte sville . VA

4. On Determining the Number of Dominant Modes in
Sinuso idal Structural Response - W .L. HALLAUER . Jr. 7 . Research Relate d to the Expansion and Improvement of
sad A. FRANC K , Virginia Polytechnic Inst itute ansi Human Vibration Exposure Criteria - Dr . R .W . SHOEN-
Stale University. Blackaburq, VA BERGER , 6570dm Aerospace Medical Research Labora-

to ry, Wright.Petterson AEB , OH
5. Latera l anil Tilt Whirl Modes of Flex ib ly Mounted F ly-

wheel Systems Analysis end Experiment C W . BERT

and T I C .  (“HEN , Unive si ty of Oklahoma , Mormmuaru -. OK
S.ision 2C (Unclassified ) 2:00 P.M. Wednesday, October 18

6. On Combini ng Modal Responses in the Shock Spectrum Adams Room
Metho d of Analysis - S.S. GASSE L and J J . CUL LEF’4 S,
Westinghouse Electric Corporation , West Miff I i .  PA ISOLATION AND DAMPING
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Chairman. Professo r Fred erick Nelso n, Tuft s Uni- 3. Application of Random Time Domain Analysis to Flight
v ers ity, Med fond , MA Data - S R .  IBRAHIM, Old Dominion Univers ity, Norfolk ,

Cochairman Dr. John Henderson, Air Force Materials VA
Laborato ry, Wr ight-Patterson A FB . OH

BREAK1 . Computer Aided Design of Passive Vibration Isu lators
for A irborne Elect ro-Optical Systems P.W. W HALE V . -
Air Force Institute of Technology, Wr ight-Patterson AFB , 4 . Shock Spectra Design Methods for Equip ment .Struc ture
OH and J. PEARSON, Air Force Fl ight Dynamics Labora- Systems . J.L. SACKMAN and J. M, K E L L Y , University
tory , Wr ight -Patterso n AFB . OH of CalIfornia . Berkeley , CA

2. Transm issibil ity Across Completely Free Thin Square 5. A Computational Model Describing the Init iation of
Plates with and without Structural Damping B.M. Silver Acety l ’ide-Silver Nitrate Explosive by an Intense
PATEL , Lord Kinematics . Erie . PA Light Source . F.H. MATHEWS . Sandia Laboratories.

A lbuquerque . NM
3. Liquid Spring Shock Isolator Modeling by System Iden-

tif ication . P.N. SONNENBURG , B. H. WEN DL ER . and 6. Analysis of the Motion of a Barre l Tamped Explos ively
W E . FISHER , U.S. Army Corps of Engineers Construc- Propelled Plate - R.A. BENHAM , Sandia Laboratories .
t ion Engineering Research Lab., Champaign, IL Albuquerque, NM

BREAK 7 . A Stability Theorem for a Dynamically Loaded Linear
Viscoelastic Structure - O W , NICHOLSON , Nava l Surface4. Preliminary Design of Practical Damping Applications - Weapons Center , Silver Spring, MDL. ROGERS, Air Force Flight Dynamics Laboratory.

Wright-Patterso n AFB , OH

SUPPLEMENTARY
5. Design of Turbine Blades for Effective Slip Damping at

High Rotational Speeds D I G . JONES. Air Force Analog Double Integration of Shock Pulses . K. PELEGMaterials Laboratory, Wr ight-Patterson AFB , OH, and 
and R. LUND , Mich igan State University School ofA . MUSZYNSKA , Polish Academy of Sciences , Warsaw , 
P k  East l.anslng, MIPoland

6 A Generalized Derivative Model for an Elastomer Damp-
er - R .L , BAGLEY and P.J. TORVI K , A ir Force Institute Session 3A (Unclassified) 9:00A.M. Thursday, October19
of Technology, Wright-Patterson AFB, OH Adams Room

7 . Low Cost Measurement of Material Damping Behavior - STRUCTURE-MEDIUM INTERACTION
D I G . JONES, Air Force Materials Laboratory . Wr ight.
Patterso n AF B , OH Chairman: Dr. Robert 0. Belsheim . NKF Engineer-

ing Associates, Inc., Silver Spring, MD
Cochairman: Dr. Jack Kalinowski, Naval Underwater

Systems Center, New London , CT

Session 20 (Unclassified) 2:00 P.M. Wednesday, October 18 1. Long Wave Length Effects in Fluid-Structure Interact ion
Calculations . R E . NICKELL and R .S. DUNHAM.Monroe Room
Pacifica Technology. Del Mar , CA

DYNAMIC ANALYSIS
2. Late-Time Ground Motion Calculations for Stemmi ng

Chairman: Mr. Sumner A. Leadbetter , NASA. Material in an Underground Nuclear Test - D.F. PATCH .
Langley Research Center , Hampton , VA Pac ifica Technology, Del Mar , CA

Cochairmon. Mr. Jeu Jo nes , NASA , Marshall Spac8
Flight Center, Huntsville, AL 3. Slmplif led Shock Design of Underground Structures

A K . GUPTA , lIT Research Institute, Chicago, IL
1 . Reflect ion and Transmission of Fluid Transients at

Elbows J .W . PHILLIPS , University of Illinois at Urbana- BREAKChampai qn , Urbana , IL

2. Stability Analysis and 1-tes pon se Character istics of Two- 4. Failure of Underground Concrete Structures Subjected
Degree of Freedom Nonlinear Systems - M. SUBtJDI-4I to Blast Loadings - P T .  NASH , G.R . GRINER , USAF
and J. R . CURRERI , Brookhaven National Laboratory, Armament Laboratory, Egl in AFB , FL ansi C A . ROSS,
Upton , NV University of Florida , Eglin AFB , FL
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5~ Theor e mucal I nvest igation of Load s on Buried Struc- 7 . An I nvestigation of Operator Hide Qualut y in Tractor
lures H H ROBINSON , lIT Research Institute , Chicago , Tra iler Trucks - T.G. CARNE and L .T. WILSON , Sandia
IL and M A . PLAMONDON , S.A . CHANG , Air Force Laboratories. Albuquerque. NM

Weapons Laboratory, Albuquerque , NM

- . . - . SUPPLEMENTARY6. Optimization of Reinforced Concrete Slabs to Resist
Blast Loading - J . M FERRITTO , Civil Engineering
Laboratory, Port Hueneme, CA An Assessment of the Machinery Noise Problem of m I uc

Fabricated Metal Products Indust ry - E . P. BER GMAN .
SUPPLEMENTARY Southwest Rese rac h Institute , San Antonio , TX

A Numerical Comparison with an Exact Solution for
the Transient Response of a Cylinder Imm ersed in a
Fluid - OS.  LUCAS and M E , GILTRUD . Naval Sur-
face Weapons Center , Silver Spring, MO Session 3C (Unclassified ) 9:00 A .M . Thursd ay, October 19

Adams Room

SHORT DISCUSSION TOPICS

Session 3B (Unc lassif led) 9 :00 A .M. Thur sday, October 19 Chairman. Mr. Roland Seely, Naval Weapons
Monroe Room Handl ing Evaluation Faci l i ty,  Earle , NJ

Cochairman: Charles Fridinger , Naval Surface Weap-
CASE STUDI ES IN DYNAM ICS ons Center , Silver Spring, MD

Chairman- Dr . Anthony Amos , NASA , Head- This session will program papers covering progress reports

quarters , Washington , D.C . on current research efforts end unique ideas, hints and

Cochairman Mr. Don McCutchen , NASA . Lyndon B. kinks on instrumentation , fixtures , testing, analytical short
Johnson Space Center, Houston , TX cuts and so forth . It Is intended to provide a means for up-

to-the-minute coverage of research programs and a forum
1 Foil System Fatigue Load Environments for Commercial for the disucssion of useful ideas and techniques considered

Hydrofoil Operation - D.L GRAVES . Boeing Marine too short for a full-blown paper. Com plete titles of short
Systems Co - Seat mie , WA talks will be published in the final program .

2. Protection of a Large Superconducting MHD Magnet
fr r ,rn Random Load-Induced Fatigue F-e u- lur e - D. KRAJ-
Clt’JOVIC , University of Illinois am Chicago Circle , Chi- Session 30 (Classified ) 2:00 P.M. Thur sday, October 19
caqo, IL , H A . VALENTIN , W P . LAWREN C E , Argonne Goddard Space Flight Center
Nat ional Laborato ry, Argonne , IL and E,J. RIPL ING ,
Materials Hesearch Laboratories Inc ., Glonwood, IL CLASSIFIED SESSION

3. Evaluation of Ru-,tor Bearing System Dynamic Response
to Unbalance - ft F . THALLL R and O.W. OZIMEK .
Aeronautical Systems Division , Wright-Patt erso n AF U . Chairman Mr . Anthony Paladino , Naval Se~i Sys
OH tems Con nimnond , Wash ington , D. C.

4. Experimental Irivest iqationu- of Dynamic Charact erist ics Cochainnian Mr . Kenneth Cornelius , Naval Slui p
u-u- f Turbine Geni e ram ’ u - n .ium d lt~ Eu-,w Tumi ~d Fo um u ’J .u -t iumm - R&D Center , Bethesda , MD
S. P Y ING and M E , FORMAN , Gilbert/Comnnnonwealth ,
J. iu:frso mu . Ml , R H . DRUMM , Pennsylv an ia Power and
Lig ht Company, All entown , PA 

~~. EMI’ Hardening of Sf uips from a Shock and Vibraiiieu-
Point o f View- Ri .  HAI SL MAIEH , Naval Surface Weep

BR EAK ons Center , Silver Spring, MD

2. The Analysis of Reiponv ’ p u - Acous t ic I x c i t a t i u - u - r u -  of
5 . Selact rsl Top ics f r~u - mnu it ue Struct U ral Ac o us ii c-s Program Harnj em Combustors Lined with Thermally lnsu Iat iIu ,I

lu -u- n mtue H I Air c n .i ft - PM BE LCIIE R , Rou kwu - , i I  ln mt e n Mater ials T . B JONE S . Jr - The Mu-s rqu ardt Compa u u-u
nationa l Corp - l.u-,s Angeles, CA Van Nuys . CA

8. CombIned V,brati o n/ lempe n.itu re/Sideload E nv lron mnen- 3 init l .i l Cons iderations of Near Mi’ s Slu-ip Shock R , G
tel Testi ng ~ t UHF lJlwJe An tennas - H E . VOLKLR , MERRI TT , R .L. WO ODFIN , and W N JONE S, Naval
M. Donnieli A i ru -. rafl Com pa ny, St . Lou is , MO Wisipuu-ns Center , China Lake , CA
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BREA K

4 Instrument Panel Vibration Reduction of U.S,S, Glover .
E V THOMAS, David W . Taylor Nava l Ship Research
and Development Center, Annapolis, MO

5 Shock Iso lation Platform for Sea Sparrow Launcher -

P V ROBERT S, Raytheon Corp., Bedford , MA

6. The Hesjd ual Hydrostatic Strength of Initially Shock
Damage Pressure Hulls . M.E . GILTRUD , Naval Surface
Weapon s Center , Silver Sprin g, MD
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SHORT COURSES
OCTOBER Contact : Training Manager , Bently Nevada Corpor-

ation , P.O. Box 157, Minden, Nevada 89423 - (702)
CURRENT DEVELOPMENTS IN UNDERWATER 782-3611.
ACOUSTICS
Dates. October 2-6 , 1978
Place: University n~ark , Pennsylvania VIBRATION DAMPING
Objective : This course will cover linear arid non- Dates: October 23-26, 1978
linear propagation of sound in the ocean , transducers, Place : University of Dayton Research Institute
and sources of underwater noise. Objective To cover the science and art of utilizing

vibration damping materials to reduce the undesir-
Contact . Robert E . Beam , The Pennsy lvania State able effect s of noise and vibration on structures and
University, Keller Conference Center , University equipment. The course is designed to teach the
Park , PA 16802 - (814) 865-5141 - background , basic analytica l methods and experi-

mental techniques needed for design and application
of damping treatments in aircraft and spacecraft

SONAR AND SEiSMIC SIGNAL PROCESSING structures , engines and equipment. Step by step
Dates October 9-12 , 1978 procedures will be discussed , along with case his-
Place University Park , Pennsylvania tories. The fee for early registration is $410 (before
Objective This course is designed to provide those October 2, 1978) and $425 thereafter .
sc ientists and eng ineers practicing in the fields of
underwater acoustics or seismic exploration an under- Contact . Vibratio n Damping Short Course , Re-
standing of the principles and techniques used for search Institute - KL 501 . University of Dayton,
the detection of underwater and underground signals. Dayton . OH 45469 , Attn: Dale H. Wh itford . (513)

229-4235.
Contact Robert El. Beam , The Pennsylvania State
University, Keller Conference Center , University
Park , PA 16802 - (814) 865-5141 - M A CHINERY VIBRA TI ON SEMINAR

Dates. October 24-26 , 1978
Place : MTI , Latham , New York

MACHINE PROTECTION AND MALFUNCTION Object ive : To cover the basic aspects of rotor-bear-
DiAGNOS I S ing system dynamics. The course will provide a funda-
Dates October 9-13, and December 11- 15 , 1978 mental understanding of rotating machinery vibra-
Place Carson City, Nevada tions; an awareness of available tools and techniques
Obiect ive Topics to be covered include. Measuring for the analysis and diagnosis of rotor vibration
and m onitoring parameters for predictive mainten- problems; and an appreciation of how these tech-
ance. Eddy current probe and proximitor theory of niques are applied to correct vibration problems.
operation, Installation procedures and common Technical personnel who will benefit most from this
pitfa lit , Perm anent machine monitoring systems; course are those concerned w ith the rotor dynamics
System calibration procedures , Thrust position evaluation of motors , pumps , turbines . compressors,
m easurements; Troubleshooting the system; Trans- gearing, shafting, cx~uplings , and similar mechanical
ducer polarity rules , Haiardous area considerations; equipment. The attendee should possess an engineer-
Introduction to machine data acquisition; Oscillo- ing degree with some understanding of mechanics
scope theory and operation; OscIlloscope cameras; of materials and vibration theory. Appropriate job
Tunable filters , Vector filter-phase meter; Tape functions include machinery designers; and plant ,
re .orders; Keyphasor theory, and Electrical runout . manufacturing, or service engineers.
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Contact Mr . P.E . Babso n, Mktg. Mqr ., Machinery Objective : Lectures are com bined with physical
Diagnostics , MT I , 968 Albany-Shaker Rd., Latham , demonstrations : how structur es behave when me-
NY 12110- (518) 785-2371 . chanica lly excited , how input and response forces

and motions are sensed by pickups , how these electri-
cal s ignals  are read out and eval uated , also how

STRUCTURAL ANALYSIS SHORT COURSE rrieasureinent syste mni s are calibrated . The relative
The following short courses in structural analysis merits of various types of shakers and shock machines
are being offered by Schaeffer Analysis in October are considered . Controls for sinusoidal and random
of 1978 in Boston , Massachusetts . vibration tests are discussed .

NASTRAN related courses Contact . Wayne Tustin , Tustin Institute of Tech .,
• DMAP and Substructural Analysis Using Inc ., 22 East Los Ulivos St ., Santa Barbara , CA

NASTRAN 93105 (805) 963-1124.
October 16-19 , 1978

Composite Materials

• Structural Applications of Composite Ma- 16111 ANNUAL RELIABILITY ENGINEERING
terials AND MANAGEMENT INSTITu TE
October 23-26 , 1978 Dates November 6-10 , 1978

Place Tusco n , Aniiona
Contact: Schaeffer Analysis , Kendall Hill Rd., Mont Objective . The course will cov er the following top.
Vernon , New Hampshire 03057 - (603) 673-3070 ics. Reliability engineering theory and pract ice, Me-

chanical reliability prediction , Reliability testing and
demonstrat ion; Maintainability engineering, Product

NOVEMBER liability; and Reliabi l i ty and Maintainability Manage
mont

DIG IT A L SIGNA L PROCESS IN G
Dates November 6-10 . 1978 Contact Dr . Din itni Kececioglu . Aerospace and
Place . The George Washington University Mechanica l Engineering Dept . . University of Ariioria ,

Washington , D.C. Bldg. 16 , Tucson , AZ 85721 - (602) 626-2495/
Objective : The course is designed for engineers , 626-3901/626-30[u-4.
scientists , technical managers , and others who desire
a better understanding of the theory and applications
of digital signal processing. The objective of this JANUARY
course is to provide the participa nts with the essen-
tials of the design of h R  arid FIR digital fi lters , STRUCTURED PROGRAMMING AND SOFTWARE
signal detection and estimatiot i techniques , arid the ENGINEERING
development of Fast Fourier Transform Algorithms. Dates. January 8-12 , 1979
The applications of digital signal processing to speech Place~ The George Washington University
processing will also be discussed . The mathematica l Object ive : This course provides up-to-date technical
concepts needed for understanding this course will knowledge of logical expression , analysis , and inven-
be developed during the presentation. tiun for performing and rndrtaginy sc)ttwriru architec-

tur e , design , and production. Presentations will
Contact: Continuing Eng ineering Education Pro- cover princil les arid appli .,~tions in s t t u u t u -~red pro-
gram, George Washlngtu-Jn University . WasI uirigton , grart i riiing dnd sot tw. j ru - ci j ineenung, inc luding stop-
D.C. 20052 - (202) 676-6106 or toll tree (800) 424- wise refinement , lu- rog ma rru corueetn”a , and top
9773. down systecs development.

Contact . Continuing Engineering Education Pro-
VIBRATION AND SHOCK TES1’INC gram , George Washington University, Washington .
Dates : Novem ber 6-10. 1978 D .C 20052 - (202) 676-6106 or toll free (800) 424-
Place . Washington , D.C. 9773

45

T ‘ ‘
~~~~~~~~



MARCH

MEAS u REMENT SYST EMS ENGINEERIN(;
l) , i tu ’ ’ , M u - m r  I 12 I P u  lci /9

‘l u - u - u - u -ru  I / ‘ r u I if Id

M E - ~SI HI :MENT s~ s’r E Ms 1)~~~AM I CS
LJ ,u-t ’ r ’. Mar h l u- i  >u- 19/9
l’I i iu Phoeni ~ Ar i,,r u ,u -

I i i u ju-’ u .ti v u l r u - , r i c , i r u r  •:u’ r i u - f r , u -- ,i~, i5 u - ill P1) _ v l u- f ru - ru-r u - l u - c

‘ u - u -l u - i t u v u t y ,  L u - u - ,t u t I u - r  t i v u r i u c - ,t, and u- l j t , u -  vu - i lu - d i ty  of

l u - t i ,  u- ~~ u - , - . r i i ori u - H r u - u - i~u- in P r u —  t i u l l  - u - r u - i  m u -  th u i .u - l ru - r r , u -
I P (c . 1 1 1 . 1  ‘. I l u - r i’ u - I fu,i u - r u - u - t i m  l u- l i l t  u- u-u - c _ l u r u

t i .  it u- i  r u - l u - i  t - ~
- , u - u - u  I u - u - I u - u - ’.? r u - .i - lu- -lu- - l u -  ‘u- u- ‘ u - u  u - u - I , ;ir u-u i

‘ u - l u- , i t u u - u - u u - , u i  , r r l , u - u u - u -  u - l u - u - r u -’, I u - c I f  u - I __ u - I r i u -~;u- stJr u—r u-~’uitS u i
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I1IWS Ofl CUrTSntNEWS ~~~~~~~~~~~~~~~Vibration activiti s and svsnts

CALL FOR PAPERS tural modeling and advanced structura l  applications
Transducer. and Their A pplicat ion. Sessions on mesearu .f u - u-n tun g ress on computers and

structural analysis and syn thesis wil l  be held

The 10th Tman s duu- .u - c r  Workshop will be held 12 14
l u u - ru u - c 19/’) , at t P u- i ,  U S Air F ‘,rci~ Academ y, Colorado Make checks payable t u-u - T he George Washington
‘u - t m  u-~

u - u - t’.. C ol r u - r ad u - u - The Wor kshop will cover the University and mail before October 2 , 1978 , to
u - I  (l,I’u- u - J t ( ’ I  ?u(fni j u - u - I  i r lu-ys ical pfi ram tu - i l t i f ms with Tra n s Professor Ahnued K No<u- m - Mail Stop 246 , The

u - l u - u - u u - c r  i iru- ;Punuu- logy Appli ritions arc in flig ht , field George Washington Unuvemsity, NASA Langley
arid lab o rat u- u - r u-’ testing Paper presentations should Heseani .h Cen ter , Hampton , Virginia 23665
to’ only 10 r u - u -  15 nmu - inr u - t * , ’, lrrnq. The Workshop is
s l u - uu - ruc u - nf~I by the I m , u - ru v l u - u - u.itr Com m i t t e e  of the
re ler mietm y Group, whu,P u r u - c t u u - u - m t s  to the Range Com- INTER.NOISE 78 PROCEEDINGS
rrianders Council Papers r nia y be ~u- hout transducers . PUBLISHED
th eir conditioners , u - u- I  en t u -m i c  t ma ns u- Iu-.j u .em based sys-
temn s. Measuraruds include f r u - r u .e , pressure , acce le ra- ‘‘Designing for Noisi ’ Cot u- i  me l ,‘‘ l u - u - u -  lu- I ru - u  u - ’  0u-u- S u-i t
t i u .u-fl , ve lu u- r .uty - displacerrie n it , t u - r r i pera u - u - r e and others the 1978 International Lu -ar t u - ’ r u c m u u  u- ru - r i  Noise Control
[otu - ic~ Intit iulu’ th u- i u .u -u - l ibm at ioru and u--v jli jat ir ,n of Engineering Con taimu’u- Ii u- u - u-d~u -e rs t rutsented at INI I H

t m ansdur .u- , rs and the ir c u - u r u d i t i u - , r a t m s, u- ri addiliurn to NOISE 78 which was held in Sari F rancisco, Califor-

their u - u - v u - in u - cn uu - l u - lu - u -r u - c r i n q tu-” ,t’, u-ire) ‘rue-asuni,rnents. Oi’d, on 8-10 May ~978. IN 
t mc R N O I ~,L 78 was

sponsored by the In ternat ional Institut e of Noise

Ahst mu - j ’.i~ of about 200 wr,rds a r c  requested and Control Engineering and organiied by INCE/U S.A .
should Pu - u - c sent fu -~ 

‘ IrIu - t u r r r u t u u - c r  20 , l’J78 to National The book of Proceedings , edited by Conference
Bu u - ru - ra r a uu - i St.u - rru -i , i mu - J’u- , Attn lu- au - i l S Lederer , Div 722 , Chairman William W . Lang, contains papers covering
Washington , I) 1. 202.34 ~~J l )O’ll - 3821 all branches of noise control engineering, including

machinery noise control , industrial noise c o mi t r uu - l ,

in-plant noise control , transportation noise control ,
SYMPOSIUM ON FUTURE TRENI)S IN instrumentation and analysis techniques for noise

( O MP IJ T F. RI ZED STRUCTURAL ANALYSIS contro l , and buildintj noise control . Copies of the
ANI) SYNTh ESIS INTER-NOISE 78 Proceedings are available fro m

INTl R-NOISE 78 , p 0. box 3469 , Arlington Brare.h ,
P u - i ’ , 5y nru i iu > ’~j un,i wi l l  be hitkJ O .tober 30 Novem ber Poughku-iitpsie , NY 12603 The postpaid price is

1 , 101~ u- i t th u- r Miimr 0(1 h otel , W as h i r uu -jt u - u- r i, D,C. $35.00. Overseas orders m ust include $7.00 extra

I t will l u - u - ,  co s F u - u u - r i ’,u - , r u - c r i  by (u - u - r u ,mr h ic Washimiqton Ur t iv u-c r If shipment is to be by air .
si t y and NASA I am uu~ I u- cy I frrsi,ar ch Center mu - u (if u - l u - u - f r  u-i
Iou - ru with m f u - u - ,  Nut iorial Si. em u- u- i, F ound u-it ion and I Pie
A I I u - u - rn  l u - ijIl ‘.iu-r .i u- :ty o f Civil F mu u - l i n i u - ,ers To p i i. s t o Iiu- ’ PROCEEDINGS OF’ THE INTERNATIONAL
nj r’ .eu i’.’u-u-,u l u - u this symn ipe isiu rmi u , iu - . l u u - u - i i’ siren iu- ral arialy SYMPOSIUM ON FRACTURE MECHANICS

u - u - rid u Iu -” ; iu - J n u u - u - f  ‘.ystenr u- ru- , sup erc o mmi puito rs and micro
u - m r iu- .u- ,’,sn OS , u - i ’ lv ,jm u - u u - c ’ , in u- r i U’ ‘rids i mu - norma,, i u - a l  an al ysis , Proceedings nil the I ri ternat ional Sy mpusi um on

‘;yrr u - lu - u -u - l u ’  eunn ipu it imi f i and r ru - i r i i wrnr (  u - u - it e m apiu-lin.at ions , F ran:ture Mechanii.s held at the George Washington
‘.Im utlrJmdl ‘,yru t f u -es is , ;iu lvu- iru- r.u - r ’, anti I f  end s mu - efl fjimWYft r University, Su-r inu- rmber 11 13 , 1978, will be a. table
umuu - l  softwa re cie v u - c lcu - i u - r r u u - ’ r i t  - r r u , i n u - m  i i i  u- . I u ,j rau - tor i/a- through the University Press of Virginia. This symnpos
lii u - mi u - n u- i ‘,i mu u - u - t u- ir at n , u n , nj u ‘Ii rig , rior rl mi ,,mr analysis , i urn i , sponsored by (hi, Office of Naval Research ,
int i ’m ,u - u.l ive ( i im fl l u - u i tu - c m 11.1 1 l u - V S . rjjrnp uto r aided presents an overview of the fracture problems in ship

r u t  ru - i n on and ifrinlinirirt inu~ s u) f iwari r syslm ns , sir u- i l. and aircraft structures , as well as an internal tonal
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review of thu - , ~t j t ~~-~~f Out , art in nm u - u - j r i y areas of Pu - a c Office of Nava l Hu- u-vr , i r u Ii l ) i c t u , u - m t r r u - u - ’ r i t  of the Navy,

ture r i u tr u bane’ , research - Included are results of Depant rru-emit u - u - f I i u u - - n u - j y ,  u - u - r u - u i  NASA i.u- u ,du-laru j Stu- , i u- u-c

both theonelica l and expe n imn ienital studies of frac F light Center will hold i ts  29th ~v rmu t u - u u - ’,ul J i r u .jl i t i u - c  4

tune u- u - mu ,] ta tu qu - i i ’  ri a variety u - u - f  u - m ate rials and sirna. National E3 uru- u- a u - i u - u - f ht , u- r u - u - l , e ,u - j : ,, I u - a t t i en ’ .lu- iu-rq , M,,i y
lure s Various sIl u- u- u-i s of f ra u -  tut u,  are disu-.ussed for land on May 22 24 , 19/9 h ’ ,j t u - u - ’ r - u - r u -  u - l u-- u n -u- i iii

compost t ic ’, - po lyr tiu -c ms, cerarri o.s arid rrietal lii. rriater ials t he following areas A pt u- l u - u- it uris iii lii u- i , rr u - tm miii ,
under wide ranges ‘3 loading and environment and aerosru- ,lu-,uc sy st u-~r n i s, Analyt iu .al tcn .ti r u - u u - f u - u - i ”,. I u - l u - n e

F raciure mr u-tr u - .l ianics technology is reviewed through cation tect iriiqu- ies, Non u ies ri iu-( tu v i t  lesti rig. I ,u - i l ur u - c
fracture case studies, discussion s of recen t advances rr uo u-J e~, I nvironrri e ru- l ,u- l u - c l  I u - r u .ts , u - u - I u -u i Maln,r u- I ’, I mu- ,
in nondest ru ic tuvu r flaw u i i t t n t u : t i u u - u - i, u-u - rid applications ceedirigs in the for m u - u - t u - c x t u - , r i i i u - , u - i  abs tm u - i u. ts . 2 4
to nuclear reactors , gas tur bines , arid rocket mnotors. typewr itten lu-au- li t . will l u - u - c pub li cu - lue r l by th u - Na lu - u - u - ru . i l
This book , edited by Drs N. Penrone , H Liebowiti , Bureau of Standard’, (,losiniq iialu-I lam i n i i l u - u - i l  .u - lu - ’,r r u - u -  IS
arid D Mij lvi lle , wil l be available in Septerriber It is January 1 , 1979 arid t , u - r  i t x t u - ’ r u u - i u - - ul ~u- l u - ’;t i  - u - u -

can be ordered fo nrr i th~ University Press of Virginia , April 30, 19/9 . Ab s tru - i u - : t s  should lu - i c s u - c r u - t  l u -u -  l u ,, ’,u - , I
Box 3608, University Station , Charlottesville , VA Ster n , Code 721 , Gu-xJda md Space F light (.er u t u - ’r ,

22903, for $25.00 . Greenb nu-lt , Maryland 20771 (301)982 2657

NOISE-CON 79 NOISE CONTROL EN ( ;I NE ER IN (;
April 30 to May 2, 1979, Purdue University BEGINS 6TH YEAR OF’ PLJ IiIu -ICATION

the conference will be sponsored by Purdue Urriver- NOISE CONTROL ENGINEERING , the technica l
sity and t he Inst i tute of Noise Control F.. ngineering/ j ournal of the Institute of Noise Control I nq i n i nn u -cr rig
USA. The therrie of the 1979 Notional Conference (INCE) has , wi th Volume 11 , en tered its sixth you-in
on Noise Control Engineering in machinery noise of publication . Ihe birtnonth ly j our nal . u-’ u lited by

control . Several different session’s will be held err Professor Malcolmni J. Cru u - u -.k u - cr  of Purdue U n i ivu c r , u - i t y ,
which papers will be presented on noise from in- is the only mnagaiine publisned in the Unitmuni States
dnu-stn ial machinery, u- Inuu l ir ies , purnips , compressors , which pr i nts refereed ar t ic les coriu- erred u- cx i  In j c , ivu - - l y
and hornnc ejpplianu- :ict, I ,j u- .ti session in the Conference with noise co r i t r u - u- l
will r:unsist of in vited arid u- u- l imm u - ited number of
contrib u ted u-d l ilc r ’ u- C u i iu - tr ib u - u - t i.u-d papers will be NOISE CON II-IOL I NG INI F H I N( u- s u - v u - i l i b l u c  für
selected by ,‘‘view of tori’4 ,iLu-str~u- :ts (rnax irnunr’r 1000 $30 00 l u - u - f r  year Studicnls anti itl i qi b lnr for . u - u - u - r u - i ’
words amid up to cmi i, f igu - in ic u - mid 5 equations if need- t u n e , three-yea r subr,cm i p t u- u- , mi tuu - r  $311 00 lir di v idu i .u - I
ix1( flu-n dnadl iru -u -t for receipt of those abstracts is subscribers bec o rruu -c Associ, iluc’, u - u - f Ib u - uc  l r u - ’, t i l u u - r u - -  u - u - I

L,)eu- .nrr r u t u- ’r 15, 1978 lu- r u - u - u - i  lu - u -  NOISE -CON 79 , there Noise Control F nginoerimlg , i r i u- l  u - e l s i u -  r u - u -  u - ’ i ~ e~ il ’ ’

well be a spu-cu- u - i l  siu-mru-inar u - u - ru r r u - , u - u  f i i r iu - t ry  ru- ros e control , bimonth ly poh lucu - it iun NOISI /Nl it/u- u- I u - f m l u - u - i  thu - -r

u - u - r i  April 21,28, 1)/9 ( u- in further ini for mat cmi on information , con tact NOISE CON I 1101 1 N( u - I

the u-..or i t em i ,ru- e uu - r ,,e, r m , i r i an , please write: NOISE - NFl. RING , P.O. Box 320h, A rl i r iu - i t u u - r i  Brarii .fi , I’ouqh
(.ON 19, 116 ‘u- iowa n Center , Purdue University, keepsint , New York 12603.
We” ,r Laf t u - y u - c t t u - c. IN 47901 (31/ )149 2h 33 Absfru -e. ls
shcu -olu- i be rnu- ,j i I ixi t ’ u -  Prolu -c-,’,u,r I W Sullivan , Eu- m u -_u-up on
Cha e r mn , . u - r u -, Hay W I lerru.k L abs , Purdue Un iversity, SESA TO HOLD 1978 MEETING
Wu- r ’,r I afayeu - l it,, IN 4/ 111)7 131 /)749 tu-345 IN INDIANAPO LIS

The Sou lety for F x l u u - t r  innn ntu - u- I  Stress A nu - u - u - l y s is, u - ru-

CALL FOR PAPERS internation al icnl u-j imioen ing s u - u - u - ely will hiu-kl u - I ’, 1 9/ hf
Desig n and Applicat ion.: F all Meetin g u-il t hu-c Shm’raton West I l u - i r u -  I - lnir Iu-,,n~

Advanced Composite MsteriaIee polis , IN (in Or .tu - ib em 2 1  lu- u-

T t u - u - -  Mechanical F ,i iIiu-ne, Prevu-,rilion Group lMl - PG I Menu-her r’ , of tIre C u - ’ n i t r , u - I  l r iu - i i u - j r i , u -  Sir, t iu ) r i  i)f t l uu - ’  SI hA
sponrsoru-me-i t)y t hnr National Bu reau of Standards, are sponscu-m ir rrj t he rriu -’ i l u iu - q , Thu-r pr u - ,r i r u - u mu - u u - f l u - - i ’,
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four lu - u - u -  hniu- ,ei sen i iuru - ar s , - u - v u - u - u  wcu-rksI io~u- cou r ses ,
a lu-e lI su- lieu - lu - u - lu - (u-f “u- I SA lu - c u - bu - r iu u - 4 1 u- m u - u adu - r i in u- isl m , u i eve
c’orfl rnu- itl,’u’ r u - lu - u -e r ini j ’. m u - i  st ’vt ’na l u - , u - i i u - u -  l u -i ’, ,eni u- i vu- i  u-a l
events

‘(fit’ lou l u - r u - i u -.,u- I ‘, u - ’ r ’ u i r u -ar ’ , on f l u - l u - u -l u - u - ’ ,  2 3  u- m u- ’ l u - t u - i u u - u - j
organeied by t h u - i , Strue t u ~~,iI I u - ’ ’,lI nu u - l C o r r u - rr i i ttu -’ u -’ the
Residual Stress (.u- u r r u - u - r i u t  l u- a ’ amid t b it- F nact urn Corn
mnitlee u - I t h e  St SA Ewo se,ssi u- ,nr s u - mu -’ u - ’ i u - t utlu ,uj ‘‘A
Potpou rr i  ut St ni iu - l u - u - r u - m I  1 u -’’ ,tu -nq ’’ . - i th ird is ‘ llu ’ - ,uui u- ial
stress Mu- ,asur erriu - ’nu- t’ ’ , arid lIeu- f u - u - un t lu - is ‘‘l )otu, i mnij na
tion of Stress In ten sities ,u-n,d Helate .iui ( lu - u - a r u - tutu - es’’

The sernu-inar u - u - mu ug r ,mrr u lu ’ at i i ru -’ ,, twen ty inu -vit tu -ni l u - u - u - l u - u n ’ ,

Seven worksf u- u - u- ps are offered on ()u-1lober 24 arid 25
a two -day stnuctunal u ly r u - a ru - i i i . s  works hotu- and six
one-day workshops u - u - r i  t r u - u - mu - ’ u - i i u - u -  u - -u s , ~lru - u -u-n qau-jes and
brittle u- .oat rigs , tracture rr i u - t u -  lldru - I( .S , u- last u_ rmiu- idc’limlg,
strain gages u-n hustu - Inc e u - u - vimu - ir i r r ie nts and - iata trans
mission

In addition lu-u - the technical arid workshop ru- rograrr is,
twenty SE’ hA technical and du - irn iunistrat iv e comm it
tees will hold work ni) mnuec l u-rigs during the t hree days.

For additional infor m ation , please uj nu tdu .t Jane
Austin , Editorial Assistant , SI SA , 21 Bridge Square ,
P0 Box 2 / 7 , Saugatuu-.~ h t , i l i u - u - r i  Westport, CT
06880 (203) 227-0829 ,

e
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ABSTRACT CATEGORIES

ANALYS IS AND DESIGN PHENOMENOLOGY Panels
Pipes and Tub es
Plates and Shells

Analogs and Analog Composite Rings
Compula tu -on Damping Springs

Anal yti cal Methods Elastic Structural
TiresDynamic Prugrammu -Og Fatigue

Impedance Methods Fluid

lntegrai Transforms Inelastic SYSTEMS
Nonlinear A nalys it Soil

Numerical A na l y s u -s Thermoelastic

Optimizatu-o fl Technu-ques Vescoe last ic Absorber

Perturbation Methods 
Acoustic Isolation

Stability A na ly s u-s 
Noise Reduction

Statistical Methods EXPERIMENTATION Active - - -lat ion

Variationa l Methods 
Aircraft

Finite Element Modei ing 
Artillery

BaiaflCiflg
Modeling Data Reductio n 

Bioengi neening
Bridges

Digital Simulation Diagnostics
Parameter Identification 

Building
Equipment Cabinets

Design Info rmation Experiment Design
Desi9n Techni ques Facilities 

i~oflSti~UctiOfl

Criteria , Standards , and 
Electr ical

Instrumentatio n
Specificat ions Proc edures 

Foundatio ns and Earth

Surveys end Biblu -ogr aph ies 
Helicopters

Scaling and Modeling
Tutorial 

Human
Simulators

Modal Anal ysis and Synt hesis 
Isolatio n

Specifications Material Handling
Tech niques Mechanical
Holography

COMPUTER PROG RAMS Metal Wor king end Forminq
Of f .Roed Vehicles

General COMPONENTS 
Optical
Package
Presai re VesselsNatural Frequency

Absorbers Pumps . Turbines . Fans ,Random Response
Snthility Soafts Compressors
Steady State Response Beams. Strings . Rods. Bars Rail
Transient Response Bearings Reactors

Blades Reciprocat ing Machine
Columns Road

ENVIRONMENTS Controls Rotors
Cylu-nders Satellite

Acousr u-c . Duct s Self ’Excrtad

Periodic Frames. Arches Ship

Random Gears Spacecraft
lsoiatora Structural

Shoc k l.u- nk au-mPS Transmissions

General We au- u- r ,r u Mu-rchanicot Turbomachenery

Transporter u- ru-n Mp,nil u-ramru- .’S. Films , and Webs Useful Application
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ABSTRACTS FROM
THE CURRENT LITERATURE

I__ u - u - u - u - u - i c’ u-u - I u - i lu - u - I i , u - l u -u- u - u - u - u - u - u -  r u - - f  mu u - l u - u -  (ill u - I  ‘‘I u- r i ’  not , i i , u - i l ; u - I u - I u -c  l u - u - u - r u - u -  the S’1lC1 on u - lu - u- \Iitj rat ir,n I r u ’ , i u - i u - u - t u - u -  l u - ca( .u u -u - u - t

t h u - u - u - s i- u - l u -  ‘ l u - u  - r ,u -  r u - c u - I  lu-y u- u - t I u - r u - u - r u - i u - u - , , u -  i i u - u - u - u )  l u - u - u - l u - u - u - r u -  ‘‘u- l u - u - u -  u - u - l u - I  lu- u - - u - i  u - r i u - u -.l u - ,i l to I ui rany r u - - u - u - u - lu - ru - u’,, ( l u- u-vu~i i i  u- u - u .cr u - i  r u - c u - u - u - u- ri ’ , u- u- u-
lu - u, u - u - I u - i , i u - n i u - ’ u l  l u - u - u - r u - u -  u - l u - u -  r j , u - r u - u - u - u - u - , u - t  I u - u -  f i r u - u - i  ‘ u - I  I u i f u - u - r r ’ u - , i l i u - u - n  ~~~~~ u- Sp n ingfiu - u-t d, u- u-u-’f~ 22151 , by c i t i r u - q  thu - u - ’ AC) , f’I~ - Or

l u - c r I u - u - , i i i  l u - u -u - - i  ta tuu - u - mu - s u- ’, ,.u - vu - i u - I,u - l u - I ’ -  l u - u -  u - r u - u -  IJu- u - i v u - c r~~u iy  t’Aicrof ilrirs (Utu-j 1~ 313 N. F r  u- i - A nn /u-u- t h u - u -jr - tAt -
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ANALYSIS AND DESIGN Key Words: Failure analysis . Pro babi lu-ty theory

Th~ Markov property of the energy envelope of a randomly
excited , lightly damped osci ltator . wu - t h a non-linear restor ing
force, is used as the basis of a numerical method for cai
c ul atin g the pro bability of first passage failure , PIT I. in an
ir u-terva i O—T ,

ANALYTICAL METHODS
lAtsn u-c’ , N 12881 78-12 12
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78-1209 S,J. Stott
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of Continuous Systems Having Damping Avail Micneqr ;irihicu-; Lu-eu-u-I,, Dolinu-ny Lib r ;u- r- j ,  UM.,,
A W Leissa Los Angeles , CA 90007
Dept. of Engry, Mechanir.s , Ohio State u niv ., Colum-

bus, OH 43210 , J, Sound Vu - b.,  55 (3), pP ~ 3-324 Key Words: Osc ii iato rs. Forced vibration
(Feb 8, 1 578) 3 table’ , 16 r u- u- Lu-

Thu dissertation u-s en analytical investigation of the dynamic

Key Word s Forced vibration s . Damped structures res ponse of three special classes of nonlinea r os cillators ,
I ,’, the fi rs t problem cu- see ttudi ed . Iwo s olutions are pre-
sented for determining the displacement response of a

The purpose of this paper is to extend the Raylei gh-Ritz-
Galerkin methods to problems of forced vibratio ns of u-~u-~u-. harmonically excited . seng le~deg ree-of- free dom ISDOF) h ysu-

teretic oscillator. In the second problem class studied , a
t inuous bodies having damping , In part icuiar it is untended vibration neutralizer with motion-limiting stops is analyzed
to show hu-u-w the method may be used without knowing

by fwo proposed solutions to determine u - ms di s placement
eigenfunctions of fre e vibratio n and without having access
to large scale digital computers response to stationary random excitation , Fin a ily. in the

thu - rd problem class stud ied , two analytic s ’. u - t i omr t  ar-
u--u-resented for the determination of the d is placement respon se
of an SDOF damped bilinear hysteretic oscillator subieru-ted

78-12 10 to s tationary random excu - tatu - on .

Forced Vibrations of Systems with Retardation
and Damping
G.N BoIadu-’ i u -u- v iNTEGRAL TRANSFORMS
Lu-eu-u - I of Mathen nu-atic’,, Sinnon Fraser Univ ., Bunnaby,

British C~ Iur ru- tu - iu - u - vsri 1 5fu- , Caru-u- icJu-j, ) Sound Vu - b ,,
57 (1 1 , r u - r u - /5 88 (Mu-jr 8, 1978) 2 fi gs , 11 u - r u - f t 78-12 )3

A pp lication ol Laplace Traniilonu-i Techni que to the
Key Words : Forced vibration , Damping effects Solution of Certain Third.Order \o n.Line-ar Systems

5 1_ u- Joshi and P. Sri ni v u-u -u -a u -ru-
The non ’l near oscillatory proces ses of physical systems IJ’u-pt of Mu-u-r h, E re ;r u- u- , I nd an Inst - of Sci ucr icu ,
under the influence of an external force , and conta ining Banqalu-irc u- u- Ej~ 01 2 , I n d i a , I ‘u-’,und Vu - b . ,  u- u - i  ( 1) ,
retardation end damping effects , are considered , An app l ice- - —

lion is made f o e  generali zed Van der Pol equation. pp 41 50 (Mar 8, lu-I/B ) 6 liii’,, 1 lu- u- f i le , 8 ru - u - f t

Key Word s: L,apiace transformation , Random excu - ta tu o n,
Nonlinear sysu-ems

78-1211
F irst Passage -l .me- f u - r  Osc illator s with ~‘ion.l.i near A number of papers have appeared on the application of

Restoring Forc es operational mu-u-rhoda and u-n pBrliculam thp Laplace transiorm

JR  Ru fu- u- u- rt ’, 
to pr oblems concernin g non- l in eam syst ems of one kind or
other. This , however, has met with only partial success in

School of F nqrg and /~ppl Screnu- .u- u- s , Univ Of ,uJSS u-3x , solving a c lass of non-lu-curer problems as each approac h lu -as
Brighton ar i 1 901, U V u- J So und Vu - b,, Mu- ( 1 1 ,  some limitations and drawbacks, In this study the appr oach
pp 71 -86 I Jan 8, 15/8) 9 tugs . 15 rats of Bayrurs has been ru-x tenu - u-u-d ru - u -  certain third’oru-ier non.
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linear sy s te m s sub~ected to norr periodic excit ation; , as 78-1216
this appro icirnu-ete method combines the advantages of ungi- A u nified Expreaãns for the Multivar iate Jo int
u- leering acc uracy with ease of application to such problems. Probability Densi ty Funct ion of the Output Fluc’Under non-periodic excitations the method provides a

tuat ioss of an Arb itrar y Linear Vibratory Systemprocedure for esli mat in g the max imum re sponse amplitude ,
which is important from th e point of view of a designer. Wit h Arbitrary Random Excitation
Limitations of such a procedure are brought out and the M, Ohta , S. Yarnu-agurJi u- , and S. Hiror ru -ilsu
method is i l lustrated by an example taken from a physical 1Ju -u-t it u-if Electrica l 1 ngrg , Hiroshima Univ .. Hiro-
s itU at i On , shirna , Japan , .J . Sound Vi b.. ~ui (2) , lu-F ) 229-241

(Jan 22 , 1978)4 figs , 10 rats

78-1214 Key Words: Probability theory, Spectral energy distribution,
Fundamentals of the l)iaci’e,tr Fourier Transfonn Vibrating structure;, Random excitation
M. H Hicli ;u- mu - iu - u-o ru-

it is well-kn own that full informati on on she statisticalHewilu-Il P,u-i.kar d Co ., Santa Clara , CA., S/V . Sound
properties of state variables can be derIved by finding the

V i l u - , 12 (‘ 3 1 , pp 40 4b (Mar 1978) 10 lu - u - i s, 1 table mulsivariate joint probability density function, A new
theoretical expression for the mult ivaria se joint probability

Key Words: Fourier transformation , Discrete Fourier Irans - density function of an output res ponse us derived exactly
form In the case when a general random signal having an arbitra ry

probability distribution and correlat Ion properties is passed
The important concepts which must be understo od in order through an arbitra ry linear vibr atory system of finite order.
to av o id s ign ific ant error s in the application of the Discrete The result is given a; en explicit solution , In a general series
Fourier Transform (DFT) to measured data are present ed . expansion form , with functional dependence on the input
The authors begin by exa m ini n g the Fourier transform ond stat istics and vibratory system parameters.
some of its properties , and then show how a fundamental
concept called “ windowing ” con be applied to the Fouri er
transfor m to derive the OFT and all of i ts propertie s , Using
the convolution property, or at u - u - is called here . the win dow- 78-1217
ing rule or Fourier transforms , they define th e concepts RiiJ Analysis of Structure s in Earthquake EMI.
of sampling, aliesing , leakag e and th o wrap-around error. steering

IJ Hs u
Ph .D. t hesis , Purdue Univ ., 212 pp (1977)

OPTIMIZATION TECHNIQUES UM /803236

(Ai -~ u- ~r u-, N i’,. 1220, 12137)
Key Words: Earthquake damage , Monte Carlo method

The methodology presented can be used to relate the d5mege
78-1215 of individual Structures so eart hqu s k u -rs with various m Ien-
A St ruc tura l Optim izat io n Method (.otnbining Finite si n es. The damage of the structure is defined and cleasif u-ed
Eksise-stt and Control Theory ‘fec hniquete from the viewpoint of structural mechanics The earthquake

information w Ith different intensIties u- a collected from aC. S Di (far u - u -u- I los
two -hundr ed-year per iod of strong earthquake records.

Phi) . 1l’il,SlS , Univ r)t Mim i mu u- ,’,u -u- lu - i, 1 Mu- pu-u- (197 / )  Monte Carlo technique is applied to estimate the probebility
UM /fl (J21 u - f 3  of damage st ate for Individual structures for earthqu akes

with different Intensities. Demage boundarle. for e portal
Key Words Minimum weight design , Optimization , Finite frame have been derived In detail,
element technique , Rod; , Beams , Columns

A formulation based on control theory and finite element
FINITE ELEMENT MODELINGanalysis is aurjgesfsu -r I for obtaining optimalisy conditiotis for

lAiso too Not . 1 Q 1 , 1353 , 1363)menu-mum-u-nan design of pr actical structures, The necessary
conditioru-s for optimality are derived using th e concepts
of physic al end mathematical finite elements.

78-1218
A F inite Elem ent Analyai. of the Impedince- Proper-
tie, of Irregular Shaped Cavit ie s with Absorptive

STATISTICAL METHODS Bound aries
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78- 1222 Key Words: Reviews , Computer programs , Ride dynamics,
Earth quake I)eeign Cs’itena for Structures Mathematical models, Tires , Brake ; (motm on enre stom s ),

G W Housner and P.C Jennings Sus pension system S (vehicles )

F arthquake Engrg Res. Lab., California Inst . of This review delineates the state of the art i n the simulation
Ti-u - lu , Pasadena, CA., Rept . No. EERL77 06, 65 PP of t h. directional response of highway vehicles , Modeling
lNov 1977) of tires, brakes , and suspensions u- s stressed . Two permp l’m enal
P8-276 502/2GA masters — pat h’t oif owu -ng techniques and the choice of

comput er hardware -- are also considered.

Key Wo rds : Standards and codes , Seismic design , Earth’
quake res istant structures

78-1225
Seismic design criteria should provide cl early stated guide ’ On Sciamic Wave s. Part 1: Introductionlines for engu -neerin g designers which will give equal earth ’
Quake resistance to all parts of a structure and will give the S. De
desired overall mesu-stancil to the structure itself. To achieve Old Engrg. Office , (Ors ). Sar-itiniketan . Bmrbhum ,
thl ;, the seismic design criter ia must restate a complex West Bengal . India . Shock Vib. Dig., 10 (5), pp 11
prot,l.m, that has unknowns and uncertainties, into an 16 (May 1978) 5 figs , 1 table , 8 refs
..nambiguous, smmpllfied form that takes into account the
unc ent amntme s of seismic hazards , material properties and
structural behavior, The criteria ahould be formulated by the Key Words: Reviews, Seismic waves

pmo lect engmneer , taking into account all the degrees of
conservatism introduced in the sequence of design steps. This review outlines the mathematical methods used to study

se m smic waves and theroetical developments associated with
body waves , surface waves, and free oacu - Ilat io ns of the earth .
It is pub lii hed in four parts: introduction; surface and

78- 1223 guided wave s ; and mathemat ical methods.

A Dilemma: Nojar Abatement at General Aviation
Airports
A S Harris 78-1226
Bolt Bm :ru -u -nek and Newman , Inc., 50 Moulton St ., Parametric Vibration, Part V :  Stochastic Problems
Cambr idge, MA 02i38 . Noise Control Engr ., 10 (2), R .A, Ibrahim and J .W . Roberts
pu -u - 80 84 (Mar/Apr 1978) 1 fig, 2 tables, 8 rots Arab Organi’ation for lndustrialiiation . Sakr Factory

for Developed Industries , P.O. Box 33 , Heliopolis ,
Key Words: Airc raft noise , Noise reduction, Standards and Cairo , Egypl , Shock Vib Dig., 10 (5), pp 1 73f ~codes (Mu- iy /8) 5 figs , 33 ro t s

The author discusses a two-phase study of aviation noise.
In Phase I the noise problem was described by compiling a Kay Words: Reviews , Parametric vibration . Stochastic
data base from whicfl specific regulatory ste ps could be processes
drawn, During Phase II an inve.tigation was made of the
various operation al problems , airport restrictions , and rag’ This final article of the series is a review of published work
ulatory actions that would be necessary to implement the on the stability and res ponse of linear and nonlinear vibra-
noise abatement goa l . tory sy stems under random parametric excitation. It u- s con-

cerned principally with work that ma directly relevant to
actual problems in engineering dynamics and structural
vibration. The three methods most widely used to analyze

SURVEYS AND BIBLIOGRAPHIES random vibration problems are: the Fokk er-Plenc k method,
the avera g u-ng method , end the Liapunov direct method ,
The results obtain ed with these approaches are reviewed,
arid additional methods that have been applied to specific

78-1224 problems are considered . Published experimental work end
Computer Programs for the Directional Re~~onse of analog computer studi es are described.
Highway Vehicle.
iF Bernard
Dept . of Mech . Engrg., Michigan State Univ , East 78-1227
Lansing, Ml , Shock Vib , Dig., 1Q (5), pp 38 (May Bibl iograp hy of Earthquake Engineeriisg
1978) 1 fig, 33 ref s K . Kanau-
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Dept. of Civil Enqrg., Columb~ Univ , New York , Program
NY , Ropt . No. NSF/RA-770304 , NSF/ENV 73- G .E . Pir;keit , R.A Wells , and R A. Love
07756-2 , 500 pp (Aug 1977) Commercial Products Div ., Pratt and Whitney Air-
PB 276 249-f/GA crab Group, East Harttord , CT , Rept. No. NASA-

CR-135295; PWA-5554-b , 74 pp (Aug 1977)
Key Words: Bibliograph ies , Earthquake resistant structures , N78-1 7066
Earthquake damage, Interact ion: soil-s t ructure

Key Words: Fans , Modal analy s i s , Computer programsThis bibliography of earthquake engineering literature is
compri sed of publishe d articles up to the year 1971 . Main A computer user ’s manual describing the oper ation and thetopic areas include, earthquakes; ground vibrations; ground; essential featu res of the Modal Calculation Program is pre-structure s , earthquak e damage; earthquake resistant struc- sented . The modal Calculation Program calcul ates the am-tur es and earthquake resistant design; and foreign countries plitude and phase of modal structures by means of acousticIae ismic u-ntensm ry , seiunmcify, earthquake damage , earth quake pressure measurements obtained fr om microphon es placedresiStance regulattons). The list consists of the reference at sel ected locati ons wthmn the fan inlet duct . In addition,numb e r , author ’s name , title of the paper , and name , volume , thu-u- Modal Calculati on Program also calculates the fir st -orderyear , and page of the source in which the paper was pub~ errors in the modal coefficients that are due to tol eranceslu-shed, 

in microph one locat ion Coordinates and inaccuracies in the
acoustic press ure measurements.

MODAL ANALYSIS AND SYNTHESIS

78-1228
Response of Periodic Struct ures by Modal Analys is ENVIRONMENTSR .C Engels and I Meirovitch
Dept of Engry. Science arid Mech,, Virg inie Poly-
technic Inst . and State Un iv - Blacks bu - ir u-j , VA 24061 ,
J. Sound Vib , blu- (4) , PP 481-493 (Feb 22 , 1978)

ACOUSTIC9 figs , 9 rc:f ~ (A bo see Nos . 1218 , 1223 , 1254 , 1276 . 1279 , 1300, 1306)

Key Words: Modal analysi s , Periodi c structures

A periodic structure is a structure consisting of identical
su bitructur es , coupled tog ether u- n identical ways to form
the complete system . The undamped response of such a
system u-s derived by using a modal analysis technique. The 78-1 230
procedure all o ws for arbitrary loads and tak es full advanta ge On the Resolvent of the Pekeri, Operator with ao f the periodic properties of the structure. The algorithm Neumann Conditionis based on a technique previou sly developed by the authors.

D. Habault and P i T . Filippi
Lat,oratoj re do Mecanique et d’Acousti que. Centre
National do Ia Recherche Scientifique , 13274 Mar-

COMPUTER PROGRAMS seille Cedex 2 , France , .J . Sound Vib ., 56 ( 1 ) ,  pp 87-
95 (Jan 8, 1978) 3 re f s

Key Word s : Sound waves . Harmonic wave s . Elastic waves .
Wave propag ation

GENERAL
lAiscu- su -’ u - u- N~ . 1724) A constant thicknes s plane layer of homogeneous isotropic

medium is limi ted , on one side , by a perfectly rigid plane ,
and , on the other s ide , by a second homogeneous isotropic
medium occupying the half-space. The sound pressu re due78-1229 
to a harmonic point spherica l source is studie d , An exactMethod of Fan Sound Mode Structure I)eterminalion representation of the solut ion is given for both posit ions

Computer Program IJ .rr s Manual: Modal Calculation of the sourc e- out tu-de of or within the layer.
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78-1231 they impinge on a movable or an immovable rigid iph rical

Reflexion of a Spherical Wave by the Plane Inter- inclusion or a spherical cavity. In each prob lem , the scatterer

face Between a Perfect Fluid and a ~~0I~~~~~~ MNIIUIU is embedded in an infinite homogeneous isotr opic elastic
medium. Formulas are derived for the scaler wave functions ,

P.J.T. Filippi and D. Habault components of th , displacement vectors , stress ten sors ,
L aboratoire de Mecanolue et d’Acoustiquc’. Centre far field amplitudes , scattering cross-sections and dynamic
National de Ia Recherche Scientitique , 13274 Mar - stress int .nsity factors.
seille Codex 2, France , J. Sound Vib., 56 (1) , pp 97-
103 (Jan 8, 1978) 10 rots

78-1234Key Words: Sound waves , Acoustic scattering, Fourier
Effects of Grazing Flow on the Stead y-State Flowtransformation
Resistance and Acoustic Impedance of Thin Porous-

By using the Fourier transform of the system of equations Faced Liners
and continuity conditions , the Fourier transform of the A .S Hersh and B. Walker
solution is obtained . This last function is decomposed into Hersh Acoustica l Engrg., Chatsworth , CA , Rept .several terms which are identified as Fourier images of

No. NASA-CR-2951 ,8O pp (Jan 1978)known functions. An exact representation of the scattered
sound pressure field is obtained se 5 Combination of the N78 1 7822
radiation of the image source and layer potentials, Approxi-
mations are given when the point spherical source is located Key Words: Acoustic linings , Porous materials , Acoust ic
on the interface , impedance

The effects of grazing flo w on the steady state flow resis-
tance and acoustic impedance of seven Feltmetal end three

78-1232 Rigimesh thin porous faced liners were studied . The steady-
Resonance Theory of Elastic W ave Scattering From state f low resistance of the ten spec imens was measured using
a Cylindrical Cavity standard flu id mechanica l experimental techniques. The
A .1 i-iaug. S.G. Solomon, and H Uberal) ~~~~~~ i%t’if)~d5ThC5 was measured using The Iwo microphone

method.AppI. Physics Lab ., .lohns Hopkins Univ ., Silver
Spring, MD 20910, J. Sound Vib 57 (1),  pp 51-58
(Mar 8. 1978) 2 figs , 17 ~u - fs

78-1235
Key Word s: Wave diffraction , Elastic waves , Cavities, Cavity Design of Multi-Screen Flow Expanders for Noise
resonator s Reduction

J. SentekResonant excitation of a fluid-filled cylin drical cavity in
an elastic medium by an incident compressiona l wave as Univ . of Mining and Metallurgy, Cracow, Poland.
in vestigated on the basis of the resonance theory of nuclear J. Sound Vib. , 56 (4 ), pp 509-519 (Feb 22 , 1978)
scattering. The resonances may be analyzed by studying them i ~ figs, 6 ref s
separately in each partial wave of the normal-mode series.

Key Words: Exhaust systems , Noise generation , Noise
reductio n

78-1233
Scattering of P and S Waves by Spherical Inclusions A method is presented of designi ng an expander arid selecting

its flow characteristics, for an expander in which low v.1 oc’and Cavities ities in individual stage s can be arbitrarily chosen.
DL.  Ja m arid R .P. Kanwal
Dept. of Mathematics , Pennsylvania State Univ .,
University Park , PA 16802 , J. Sound Vib., 57 (2).
pp 171-202 (Mar 22 , 1978) 10 figs , 11 refs 78-1236

No ise From Small AirJeta and a Quiet Valve
Key Words: Compression wave s , Secondary waves, Wave T. W Lancey

Faculty of Mech. Engrg., California State Univ .,
diffraction, Inclusions, Spherical cavities

Th. solutions are presented for six problems of the scattering Fullerton, CA 92634, J. Sound Vib .,~~ ( 1 ) .  pp 35’
of low frequency plane harmo nic .lastic P and S waves when 40 (Mar 8, 1978) 6 figs , 10 refs
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Key Words : Noise generation , Nozzles . Valves elements comprising each modal are analyzed in deta il ,
including basic formulation , vehicle noise levels , propaga-

Noise measurements of air lets of fr om 0.0194 to 0.635 ti o n , treatment of va r ious road geometries , and shielding by
cm diameter , with j et exit velocity varying from 54 to barriers. Significant differences among the models were
244 m/s , to fr equencies of 100 kHz are presented . Results found. A series of c ha rts is presented whereby differences
are compared to those previou sly obtained for larger nozzles ; among the models may be estimated for particular input
acoustical power spectral density cur ves are found to be data. Compariso n between measured rQadsi de level s and
similar to those for the larger nozzles at like velocities, predictions from the three models are also presented .
Results of a noise su rvey conducted near a 0.127 m line size
quiet vent velve having approximately 20 000 square jets ,
0.127 cm on a side are presented.

78-1239
A Manual for the Review of Highway Noise Impact

8- 
B.H. Sharp, K .J . Plotkin . P K. Glenn , and R.M

7 12 7 Slone . Jr
Use of Coherence and Phase Data Between Two Wyle Labs./Wyle Research . Arlington , VA . , Rept
Receivers in Evaluation of Noise Environments No. W R-76-24 , EPA/b5O/9.77/356 , 71 pp (May
A C Pierso l 1977)
Bolt Beranek and Newman , Inc ., 21120 Vanowen PB-276509/7GA
St., Canoqa Park , CA 91303, J. Sound V ib., 56 (2) ,
PP 215-228 (Jan 22 , 1978) 13 figs , 11 refs

Kay Words: Traffic noise , Noise prediction , Manuals and
Sponsored by NASA , Ames Research Center handbooks

Key Words: Noise source identification , Noise reduction , A manual has been prepared which presents a procedure
Coherence techniques , Phase data , Wind tunnel tests for review ing noise impact of proposed hig hway pro lects .

The manual reviews Federal Highway Administration policy
In certain well defined cases , the angular location and con ’ for noise impac t, and includes specific steps for reviewing
tributi o n of a distant source to the noise at a receiver b ce- environmental impact statements and noise study reports
ton  can often be establish ed by a simple evaluation of prepared for propose d highway proje cts . The noise policy
coherence and phase data between two closely spaced re- of the Department of Housing and Urban Develo pment and
ceiv er transducers , coupled with reasonable assum ptions noise levels identified by the Environmental Protection
concerning the physics of the receiver acoustic field . Al . Ag ency era al so reviewed , so that a complete assessment of
though such techniques are wall est ablished in t heory , the impact of expected noise may be made. A noise pre-
they have not been widely applied to no ise control engi’ d iction model , consisting of charts , nomogram s . and simple
nearing pro blems , probabl y because of various practical equat ions , is presented so as •o enable an independent
difficulties , including those posed by reverberation effects , check of predicted levels presented in an EIS. The noise
The purpose of this paper is to outline the basic principles model (which includes barriers ) is itself suitable for pre-
involv ed in the analysis procedure , and to illustrate its dictin g roadside noise levels.
applicat ion in the presence of reverberation effects by using
data from a wind tunnel noise evaluation experiment.

78- 1240
Shielding of Noise from Statistically Stationary

78-1238 Tu- Uk flows by Simple Obstacles
(mnparison of Highway Noise Prediction Models V .W Yi’w . N Popplewell , and .1 F .W. Mackay
r I Plotk in arid HG.  Kij nicki Faculty nt E nijrq. , Univ. ol Malaya , K i,a la ~urnIiur ,
Wylit Labs./Wyle Researth , Arlington , VA , Rept. Malaysia, J . Sound Vib., 57 (2), Pp 203 224 (Mar 22 ,
Ni) W R 76 25, EPA/5 50/9-77/355 , 46 PP (May 1978) 0 f iT , , 10 rids
1977) Spori’,ored by the National Hes. Council of Canada
PB 270 710/1 GA

Key Words: Traff ic nois e , Noise barriers
Key Words: Traff ic noise, Noise prediction, Mathemetical
models The effect of neighboring, smooth obstacles on the sound

generated by statistically stationa ry tr affic movements is
A review arid comparison has been conducted of thrs. analyzed f or simple but realistic practical situations. Dimen-
hu~ Iviey noise predi ction models: NCHRP , TSC , and Wyle. alone of obstacles iike building s are assumed much larger
The firet t wo are thos, approved by the Fedarsl Highway than the predominant , A-weig hted wavelength of traffic
Administration; th. third was developed for EPA. The noise so that diffraction may be neglected.
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78-1241 78.124:3
Two Point (:orrelatio.is of Jet Noise A Theory ol the (; reatcst Maximum Re~~onw of
H S Rihn ’r l,inr’ar Structures
Inst . ton Aitrosi ,i .e Studi s , Univi:i s t y  of Toronto , N A N  You’,’ef  and N. Pupplewell
1)riwnsvicw , C )ntario , Canadii M3H [0 . I Sound Dept of M’~ch Ln) r I ;  Univ. ~ f Maniti,h:i , Wi nniporj ,
V th  - ‘0 (1), pp 119 ( fan ft . 19/8) 12 liii- , ‘2’~ t i ’ 1:, Canaui , .1. So u n d  V i i . , 56 I I ) ,  pp 21 3 3  (Jan H,

1978) 0 figs , 21
Key Words: Aircraft noise , Jet noise , Noise rneasr~”me’.t ,
Correlation techniques Key W: ,rds . Flandom excitat ion . Maximum response. Dy-

n mic response
A large body of careful ex ie - r i r en ia l  r , . ~,i sI i renie n l5 at two-
point brood band correlations of far-f neid i~ t noi- ,i~ has been A geiiera l theory is developed to estimate the g reatest maxi-
carried out and was briefly reported recenti-, by Lucio mum response uf linear structures subiected to dtti-rmir,ist ic
Maestre llo in NASA TM X -7 2 835. The rather sha rp uj i rec or random excitations. The analysis utilizet th e l i ro late
tional lobes and marked absence of axisymmetry were spheroidal wave functions and the uncertainty princ ipie .
strikin g and motiva ted the prese nt e f fo r t  to brin g theory Such a technique is useful in checking the res ults of d i ff ereni
to bear. The mo del of let-noise generation it an approximate methods , which may involve tedious calcul ations , for finding
version of en can er wor k of Ribner , based on the I r,unrj a the res ponse spectre of impul sive loads without know ing
ti o ns of Lighthi l i . The rnoil el inicorprirates isotropic tur - the load shape , or in designing seismic structure s. The ap
bulence superimposed on a specified mean shear flow , with p l ic ation s are illustrated by sim pl e v ibrating osc i llator s
assumed space-time velocity correlations, bui with source t~~sed to short or long duration loads.
convection neglected. The particular vehicle is the Proudman
format , and the previous work (mean - square pressure ) is
extended to display the two ’point sp ace-ti me corr el ations
of pressur e. The shape of polar plot s of cor niil atio ri is found SEISMIC
to deri ve from iv ,o main i~cton ~ th e non-comp actness of (Sni - N,~ 121/ , 1221 , 12 22 , 122i . 122 7 . I
the source region , which allows differences in travel times to 1332 , 1 334 , I :C: e~, 13361
the two microphones — the dominant effect -- and the three
tivities of the constituent quadrupobes --  a weak eff ect. The
no ri-compactrii rss effect cause , ibi , dir ectional lobes in a
polar plot to have pointed tips lcu sp s ) and to be c’speciall5
narrow in the plane of the jet axis. SHOCK

(Ais i , v-i: Nos 1 298 13201

RANDOM 78-1244
Equipm ent-Structure Interactio n at h ig h F rrqUef ici i’ .
J M ~ idly and J . I ~..iI C. rn ,r:
W -i dlinqer Associates, Menlo Park , CA , Hi-pt No
PR - 7702, I )N/~- 4298 I - AU-1300 036 , /2 i i -  (Apr 1 .78-12-12
19// )Computat io n of Exter nal Exc ited Randi,ss, O,’rrilla- AL AIJ4O 065/6C A(ions of Solid Contissisa (Berechssussg vast f rensd cr—

regten ‘/.ufahlrsechwingussgrn lester Kon%rn ua)
Key Wo rds Int eract ion: structure-foundation , Missilel~ Hrnnn ig F I n i -  I r v 0 ,unid C si los , Protective sh~’ l t ers , Grou nd shock

/\ k eJ i ’ nrnue den VVi s- , -nis h,j l ii :n Ii., I Jo lt - /0011,11

ins titi l t f M~t hu’rri,jtik I rid Me- f i ~ini k - M i ,i hifli n I A ser ies of dealij i’nJ mo de is are i:onsic lered which neOr-
bauute ;hnik - 76 ( 11) ,  pp 496 49C) (Nov 1 t 77 )  5 fi i 1 ’ ., por ate the char act ,n is r i- c of an embedment media , a struc-
10 rids ture and internal equipment. The equipment has natu’ai

frequencies which are high compared with the tund~mental(In ( i ’ r rn, -s n) 
frequency of the structure. The purpose of rhe analys is is
to obtain exac i solutions to the idealized mode l . These may

Key Words : Random excitat ion , Continuum mech anics eventu ally be com pis ieu-J with solutions obtained by standard
siructura l dynamics techniques to Improve und ersta odi np

Semidiscrete methods for the approximation of randomiy of the drig rer’ of r ” finer neri ’ needed ri mode ling and to
excited continuum vibration problems are presented , In an provide guir lance for selecting appropriate n i -nii-.nicei integr.
example th e ef f ect of wind loads on a cantilever is c.lcui~ted tion tnch~ iques.
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78- 1245 The eff ec ts of the materia l Constants and the contact area

Shock-Hardness A aw’sinient of Submarine Equip- Ofl the tim e histo ry of the irnipact load are analyzed based
on the dynamic theo ry of elasticity for the solid and on the

nsent. Pitt I V - Interaction Phenomena in Shock -one dimensiona l theory of wave propagation for the cylinder .
Responses of Structure s
A L. Boil
Naval Hesruart,h Lab - Washington , U C . Hiupt. No.
NHL - MA-36 13 , AD - LOGO 101 , ~4 pp ( l ie u . 1977 )

AD 1s049 449 / 2GA PHENOMENOLOGY
Key Words: Interaction : structure-media , Shipboard equip-
ment response , Underwater explosions , 8ui lding s , Seismic

response

Examples of the significance of structural inte ractions on COMPOSITE
the dynamic responses of st ructures are shown , The examples
emphasize how reliance on calcu lated responses of massless
oec ill ator s can provide app*rently valid requirements for
dynamic design of structures which are too large by orders
of magnitude. Most exam ples are from the resp onse of shi p- 78. 1248
board equipment to shock from und erwater-explosion Dynamic Mechanical Behavior of Composite Material
attacks bul similarities in th e response of buil dings to earth- Under Suatained Sinusoidal Stresses
quakes are pointed out. C . Hong

Ph D. Thesis, The Pennsylvania State Univ ., 120 pp

(19/7)
78-1246 UM 7803331
Finite IJyssaissic l~x panno n of a Cy Iindr ~cal Cavity
in a Jiyjierclaidk Mediu m Key Words: Com posites , Laminate s . Dynamic stability

A Min,duu.luowsk i and J.H HaiJdow
Dept of Mech Enqnq , Univ ~f AI1 u- rt ; i , Edmonton , This study is concerned with th e deter mination of dynam ic

Alberta TUG 2 11 , Canada , fng Arch 47 (1), ~~ 21 properties of a gless fiber reinforced material , Eff ects of
- —‘-- fiber orientations , temperature , the magnitude of static

26 (‘V178) ~ f u 1 ,  4 i~~tt biaxial stress sod freque ncies of sinusoidal stres s es on dy-
namic properties have been studied . Also , a dynamic bi-

Kay Words: Shock wav e propagation , Elastic media axial testing machine w as developed for the measurement
of dynemic properties of fiber reinforced materials for a

A numerical method is proposed for the anal ysis of th e low frequ ency range . Secondly, the reso n ant strength cniler-

fi nite cylindrically symmetric expansion of a cylindrical ion based on the fatigue strength and the loss coefficient

cavity in an unbounded isotropic hyper elastic compres sible of the compo s ite material has been developed The energy

medium. Res ults obtained t~ r a sudden application of pres - dissipated in the adhesive double lap j oint wilt obtained.
sure at the cavity surface s ic presented for a particular
strain energy fun ction.

DAMPING

78- 1247
The Impact of an Elastic Cy linder on an Elastic 78-1249
Solid A Stud y on Damping Capacity of a Jointed Cantilever
Fl Matsurnotn , I NaI- ahan,i , and V M i t se i k a  Beam (1st Report; Expe rimental Results)
Tokyo Inst. of Fech , Fokyu , quail , Bull . JSMI. - N. Nishiwaki , M . Masuko , V. It o, anti I Okumura
2 1 (154 ) , pp 079 586 (Ai in 19/8) 6 figs , 13 nets Tokyo tJniv . ot Ag nu i .ul f urn & Tech ., Kogane i -City,

Tokyo , Japan , Boll JSME , 21 (153), pp 524-531
Key Words. Bars , Hellspace , Elastic propertie s , Impact (Mar 1978) 21 figs , S rets
response (mechanic al) , Shoc k wove pro pagation

TIw proble m of the collision ol an elastic cylinder onto en Key Words: Joints (junctions), Machine too ls , Cantilever
plastic solid is stud ied the o reticell y sod exp erimentally , beams, Vibreti on damping, Expurime n tal data

64)

-. ‘ ‘ T~._ _ 
. T ~~~~~ 

- -



r .

4,

The heavy machine tools are ofte n made of welded steel Key Words: Viscous damping
and at the same time a jointed beam or a damping joint is
often used . In this paper , the relations hips between the Th~ results of a computer study aimed at assessing th e

Ifrequency end the damping capacity or the slip ratio arid usefulness of a controllable , variable effec t , no n-linear damp-
between the damping capacity and the mode of v ibretion Pr iii a vibration isolation system are given . This is done by
have been experimentally studi ed , showin g the effect on the performance of a s imple model

suspension system of the addition of a controllable sprinig/
damper link . The dampin g characteristic of the contro l iable
element is that of a viscous damper with a threshold force

78- 1250 required to move it , the viscous rate is fixed whilst the thr es-
An Introduction to the Proble m of I)ynamic Siruc . h old force is pie-selected .

tural Damping
P . Santini
A G A R D , Paris , Frarui~, F- li:iut No. A( AFID (-1 1 1 3 , 78-1253
ISBN - 92-8 35 1268-5 .24 r i  (.J :u i 1918) Analysis of Coulomb Frir-tion Vibration Dampers
N 181 7014 D .W AIs~uauiq h

School of Aeronautics arid A’,ironiautics , Purdue
Key Words: Damping, Mathematical models , Coupled Univ .. West Lafayette , IN 4190/, J Sound Vib
response 57 (1 ) ,  pp (7, 78 (Mar 8, 1978) 17 figs , 4 rrufs
Major topics in the area of dynamic damping are dosc. -ibed .
A list of typica l problems where damping is of pr imary Key Words: Coulomb friction . Vibration damping . Periodic
importance is provided. Typical structural comp onents are response
considered and a brief account on the effect of materials
is given. Mathematical models end intermodal coupling are An analysis of the steady state respo n se of a rotational
also examined, arid the extreme difficulty of obtaining Coulomb friction vibration damper hos been carried out.
reasonably accurate information from them is emphasized, Such dampers sre sometimes used in ve n ous industrial
Possible philosophies of ground tests end flight tests are appl ications. Analysis of the steady state phase plane is used

discussed, to determine ve n ous response quantities such as amplitude
ratIo, phase lag, energy dissipated per cycle, and rms power
loss , The analysis shows that the response can be categorized
into one of th ree main types , Expressions are developed

78-1251 to predIct effect of the addition of a damper on the power

The Dam ping Effect of an Impact I)arnper and the disturbance amplitude tran s mitted to the load ,

K Yas uda and M Toyoda
Faculty of Enqrq - Nagoya Univ - Chikusa-ku , Na-
goya , Japan, Bu l l . JSME , 21. (153), PP 424-430 FLUID
(Mar 1978) 14 f up ,  6 refs (Also soi~ Ni,~ 1308 . 1328 , 1350)

Key Words: Impact dampers , Ds mpiri -~ effects , Natur al
frequencies , Machinery vibration 781254

Identification of Modes in Some Conditions of
Impact dampers are somet imes used for reducing vibr ations Sound Propagat ion in Shallo w Waler
of machine s and structures. The damping effect of this type C Gaianhes , I P Sessarego . and J L Car nii:n
of dam per on natural vibrations is in vestigated experimen

Dept. of Ac.oustic s , Centre National de Ia Hochorclicta lly. The damping effect of a combined damper made up
of two impact dampers wes investigated. Scientif ique , 13274 Mar’,rnull ’: Codex 2 . I rance , J.

Sound V~i., 56 (2 ) , pp 251-259 (Jan 22 , 1978)
10 figs , 1 ta bl in , II rids

78- 125 2
Key Words: Underwater mound . Sound propagationA Proportionate Coulomb and Viscously Dansped

Isolation Syctem Pekeris ’ theory, concernin g problems of mound propegat lon
W A. Bullough and MB , F~ x~ ti In shallow water , has been used to study the possibilities of
Dept ~ f Mei-h . 1- ni i j rq - Univ . ol SFi ’f t io )d , Shnnf h I d  a s patial filtering of some ri des. In ihi s study a particular

S1 3J[) , U K , J Sound Vib , St (1), pp 35-44 (Jon 8, met of receivers and signal processors have been tested ex-
per imentally for different propa gation conditions , with the1978) 12 fig’,, 8 rots use of a reduced scsI. model satisfying Pekmmnis ’ hypotheses.
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78 I 2 ~, S Hot r,r 5, (.ener s no rt , I ur b inies , I—a p is , Purnm,~, 
( .~ ni, “Is ir s

.-t pp rsssiiiia t e Meth oils in I” l i i id-Stn u’tu re Imsfer am ’ t io ,s
Prusble,sis A syst em hat been developed arid tested for the b.ilani cir ig

of rotati n g systems w ithout interrupting o penati on . Sevenal
A V.  ( l i i i - procedure s are proposed for ba lanc ir ,q in which only mea
Phil I bc-i’ ., Jr u iv f f ’ o i u ’ y l v a i i u i. (10 r u t u ( 1 9 / / j  sur emenrts of t hir bearing vibrations are is~— ,i Large qenii’ra
U M / hi I t ,  Inns , tur hin es , f ans , h u m ps, ,nif co m pressors are potent .41

apt ,1 icat i,,ns~
Key W c ,r , ls - Inier uc tio n structure fluid

‘ 1 ’  app i~ i i t . ’  ineih ’ , r l s of c al cu aning thin respon se DIAGNOSTICS
of sm ,, i u ‘s subrnergird an inif in me acousi ic fluid ai e (/‘i~ si- N 1 34W
c. ,r,si , i ,- , ,— ,

78 1 258
78-125b Design of a Sig isalure Analy ess ~y sIm ’ mm i Im ,r Produ ct
I)cv.1is psmien l aiimt .\ pp lica t ion of an Optimization amid Mach ims ery (‘onditiomi Monitoring
Prio’ed urm’ b r  I” lutt c r Sup pr m-mrs ion I J simig the ks-ru- W (1 Ii,,, ii f i l l

dy-isansic l- .nergy (:onccpl ‘ f  h,-- , i- ,~ i i’  Univ id s~~i - , it~i n i M, , l I - ~ ,r
I I~~u - -,I, ’ :I i-m ud I I\t,i:I 233 I d  ( i l / i )
[‘u ,i , iot i  I’ , i . u ’ ’ I  l r u , t  if l r i l i  - RrIi .ut N ,  NA ,I\ lJM //2074 3
ri 11 il , I 1 l’t (i ’I. “i up U cli
N/Il 1H-l’ ,U K.’-1, Words: Acoustic si g natur es , Diagnostic techn iqu es

Key Words: Flutter , Vi brat ,oii control , Wind induced A syste m atic ,mpp,’~~i hi is Jeveir,prej I,,, the -les,y , i.,f a

eacti at i un , signature analysis sy s tem for er th in i o n- h r ,, produc t q uaiit y
assura n c e or plo iii maci, i i, -,r y coon IT inn iou, p ton i~ q The

Ai i , ipm irn,IJI ui i procedure is developed based cmii the n., I ‘‘.~t i~~s ’  I appniial - hr i rivo lv i rs t Iti- loih, ,w , rig si ‘
~ 

s ic ’ ru i ng
sp o i isnrs of a sy s tem to conti nuous gust inputs , The pro- an under s tanding of the tihysicb, n a t u r e  o f the device mu be
ceduie t sr’s i:,,nii,r3 Lw tr ,ro fer functions which have been, ana lyi ed , ui l entif yu i i g ger c-r at i i rg pheno mena w h rr . br ~,ti,’ct

t ii i y ‘1 ,1 .-r ’ ii r i ‘i I I, using the relaxed aerody nam ic I lii- oPerat i~ Iu condi t o  of it i firs c r - , choosing a rnrrasu rai ,ie
- r In t ~.1y Opf )ni,acl The g’t iiii,/.rl.ort procedure yields a 1 4 ni al oi i,~r ra I s which ihrr ’t :t ly oi m d i  ‘~c r i y resu lt f t urn Pt ,-

f lut te r  supmprm ‘se i systi .rnm which o ur r im ,zes co o t , oi sun fuec’ ,-ni-rat i ng pheno mn ’ri a . Otism’rvinij ICr., . 111 ils on th in ii t i -, ns

.ir ml v i my i i  a gi, St ei v i, r inn i  nen t . The procedure is applied format ,- m i s  I,,, each, m iiniit it ion of ‘au - r a t , ’, - spec ? s ing
mi -n -iq ‘ I t, !  i , -r of a drotuir ,, ircraft - un el ite s ig nature lea nu n es it tIr~ s . ’m r mals  I ~r ii anis torm ed

~ug nals , wlec t ini g computable nieasures whic h desc r ibe fe e
tour ,.t , i ie cte pis i ic s as sc aiai quantit ies , nievelopinig a decision
rout ne or t hrc’shulds fir c l ,uss i  f y  rig - i , . ~t open at n i  ,‘ i,, ion
using t I ,  s ..,iar mpnosunp,s , ar- m i Sm’, i f y m n , m ~ .ir ,,l/u’ m m p r r , w I r g

EXPERIMENTATION the nm-$ i ah i ln i y of ICr

78- 1 259
Ccs.I rali ’ i,ed Vibration I)iagnisstic F aci l it , ~l Fawl e ,

BA LANCING Pows -i- Station
N i - ,’ - ( .iu r u t r o )  Vi ii I:, 4,u~ i , u ,  U (31 up 102 1( 13
Mit  i t  ~~ .~ Ii ; - .

78-1257
tl a lai .s ii.~ r ml U ots t usg ~‘ ~ cI ‘ ‘mmiii I).a r iii~ 

()pr’rui I ~~ I’ e~ w’ , -  l)i ignr ’ ,s n,u - or ,i ,’ , ’ nst j  I ’ m . , ii’ar u’
I ‘s / m r I i i ’ m u f f ’ :  m ii i I( I I il - - I . ian t S , Hi,t.in,, 

~ 
s t ruc t , i nm ’ s

I um -~~? - I ~1ci P u  ,if ri1 - i l?, ,j ‘I I ‘,r’ ,opu . For , .t to
m u - u  - m u  ( irl,ii l,l I ‘ m , uu , i f \/il, i ,/ (7), 

~
.j ,  ~~ 

A n u J UtOni ,, i t iC I I u i I ’ l , , S ’ , ,  v i l rn&i t i oni  l i i i  ac, l u ,m ,i, ’ ,pl sys t ’ - ’ n
is mi, ’sc i Ii,- - ’ In , r itim, Vi f ,nm,- M , - i , ’ ,  was 5 - I r ’ m  t ,- r i i,, t upi ,i y‘t )r (t’ ila , 2>’ , 1 1/ 01 8 t u j s , 1 - 7 h ’ I rid a syst em m - i t , l , i m , y  ii , , pu-i- , r - i c’~~T t , i  acC,’ im ’ ru n p t ’ p m ’ ,  w it, 0

ti-qial r’ lr r - i , i i i p i t s  ar id h..avy duty tta i n i less s t m ’ m ’ i  w a te r  f i r , , , m i
Key W ar- Ic  Balanci ng T n’rf , m e l m , r - s . Rotating s ’ n ui tun e s . $i,- ~~a,i,. , ,,n,,l,ut I
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78-1260 Solution of noise , vibration , and tailure problems by using
Helicopter Health Monitoring a si g nature analysis packag, with a Fou r ier analyzer are

N E Trigg described. The system measures signals generated by rotating
machinery , stores these signals to m signatures) on a magneticHelitune , Ltd., Noise Control Vib Isolation , 9 (3), disc , analyzes the data end plots the inform ation in a variety

pp 91-97 (Mar 1978) 13 figs of formats. Intend ed for th ose who build , te st or use rotating
end reciprocating machinery, the signature analysis system

Key Words: Diagnostic techniques, Helicopter rotors can be applied to design ena lyeis , production quality control .
pr eventive m.intana nca and noise and vibrati on studies ,

The author examines the various techniques used on heli-
copters for engine end gearbox surveillance, considers main
and tail rotor balancing and tracking, and the vary latest
method of vibrati on signature analysis end mon itor ing.

INSTRUMENTATION

78.1261
Vibration Spectrum Analyses: Foolproof Quality
Control 78-1264
Power Transm . Des., 20 (4), p 55 (Apr 1978) 3 f igs Pseudo Continuous Wave Acou stic lnatnunemst

J .S. Heyman
I(.y Word s: Diagnostic Instrum entation , Spectrum analyzers Langley Res. Center , NASA , Langley Station , VA ,

Rept . Nc. NASA-Case-LAR - 1 2260 - 1 , US Patent
Thu appl ication of a real-time s pectrum analyzer tO th e AppI-SN-858763 , 12 pp ( Di’ 8 , 1977)diagnostics of mechanical or electromechanical devices Is
described . N78-17821

Kay Words: Acoustic measuring instruments

784262 A device for measuring acoustic properties and th Cir changes
Early W arning System for Rotating Equipment in a sample of liquid , gas , plasm a or solid is described . A
Diese l Gas Turbine Prog , 34 (5), pp 64-65 (May varlab li frequency source is applIed to the sample by means

1978) 4 figs of a tran sducer to produce mound waves within the sample ,
The application of th , variable frequenc y source to the
sampl s is periodically Interrupted for a short duration ,

Key Words: Diagnostic instru mentat ion , Wave analyzers,
Torsional vibration. , Vibration sign atur es , Rotating struc
lures

78-1265
Two instrum.nt s for ln’f laId meaeurem.nt of torsional vibra . Amplitude and Statistical Distribution Analyzeri
t lon , which use the F-M technique and incorporate a wave

A L .  Stolberganalyzer are described . Thay are a torsiona l order analyzer
arid a vibration signat ure analyzer, They accept input, from Metrosonics , Inc ., Rochester , NY , S/V . Sound Vib.,
magnetic as wall as optical encoders, and analyz . the d if . 12(3 ) , pp 56 57 (Mar 1978) 7 figs
fenent engine orders in units of paak angular displacement,
The unit uses a narrow bandpass I If tar that locks Onto the Key Word.: Noise measurement , Measurr rig instruments ,
programmed order or half order and than tracks it through Statistica l analysistwo selectable rpm rang es.

The article discusses ,t .ti st ical distribution anafy zers which
are sophisticated Instruments designed to gather sou nd
leval data and automaticall y compute amplitude descriptors78.1263 Basically they are a comb ination of sound-level meters and

Ss~natu re Analysis System. w ith Fourier Analyzer digital proce ssors , Acoustical signals are amplified and
Noise Control Vib. Analysis , 9 (3), pp 81-83 (Mar weighted in an enelog format as in a sound4eval meter
1978) 10 1 iqs The signals are then converted to digital format f or computer

analysis and stom age . Amplitude and statistica l distribution
analyzers are used for measuring the fluctuati ng environ

Kay Words: Diagnostic instrumentation, Fourier analysis , mental noise , such us traffic or occupational noise, requiring
Signal processing techniques, Rotating Structures a statist ical appro ch for meaningful correlations.
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78—1266 i ty ,  sensitivity change with temperature , ranisducer ~t r~i i i i

Noise I)oiiinseter Update aff ects , transient temperature effects on t he tra nsduc er ,

i i-’ S~- t ~ 
acoust Ic noise, and HF and magn et i c  fields

Miii’’ ‘~ it r i ty ~irid I I ’ - ,jIth Adm inistrat io n , Pittsburijtt ,
PA , S/V , Sound Vit )  - 1 2 13) , pp 32 H (Mar 1978)
1 t ablil 78-1269

F~verythin g You ’ve Wanted to Know About ~ska.
Key Words: Noise measurement , Measuring instruments . surensent Mu ro plsos ies
Standards W.R, V und . n t

(,~ ni Rad , Inc ., 8olton , MA , S/V , ,oijrt d Vib - I) ~[I),During the past year , a numbe r of new do s imeters have -
appear ed Comme rc ially, a num ber of old d osimeters have PP 102 (Mar 1 378) 2b I ii;s , I, iahkts

bean discontinued , new evaluatio ns of various do s im eters
have been conducted and published , and work has continued Key Word s : Measuring instruments , Microph r irr es
on defining, designin g and test ing a time resolved dosimeter .
Also , work is cont inuin g in the development of an ANSI The purpose of this article is to acquaint the reader wi ll,
dosimeter standar d , and various governmental agencies have the performance , environmental character ist ics , and at )pii ’ . .i
incorporated dos im ater s into their noise exposure monitor- lio ns of three basic types of measure m ent rnicrnjphones.
ing programs. Thi s article will discuss the current state of the piazoe lectric ceramic or “ cerar mn ic , ” air-condenser or
each of these topics , “condenser , ” and electret -condenser or “ c iectr et , ” with a

particular emphasis on the latter. The rc iative importance
of these characterit ics for a give n application must be under-
stood before an informed choice of type ,jnd size can hi’

78-1267 made,
Sound-Level Meters
J M Str ’ ,Iri
ConRad, Inc ., Rolton , MA , S/V , Sound Vib., 12 (3) . 781270
~~~‘ 

3031 (Md’ 1’) 18) I I i r ~ 3 rr’ fs Portable Tape Recorders
J Hassal i arid M. 8iinnett

Key Words: Sound level meters , Standards , Measuring [~r~ i’I & K ju rt t . Lh’rir ni ,ir I’ , S/V - 5 i i i i  V if , - 12 I -instrurrients 
> 33 ~9 I ~~ 1 918) I> IS

Frei iu . rit ly , the appinenl accuracy of a precision or general
purpose mo und-level rn ieter is not as good as the accuracy Key Words. Recording i nstru m en ts
that the user ma-1 expec t , based on the standards that control
t h~ sound-level meter. The poorer accurac y may be caused Over the years a number of reco rdi n’j T.’chiii jue~ have i i-,’,,
by the nai ume of the signal to be measured , or be a result developed Of th ese thin “Direc t ” and “Frequency Moil i,,
of limitation s of the instrument , measurement technique of ti on ” techniques have been weli establish ed for inst nuir ii?n ita
th e user , or the environment in which the measurement is lion purpo ses. The bas ic princ n i rli ’ s .‘ssentiai to or> u - - l i- i
made. These limitations are examined in detail , standing of these techniques as well as tti , ’nn advantaq n~s arid

disadvantages ore reviewed .

78.1268
Perfo n,ianr-e Characteristi c s and the Select.o,. of 78-1271
Acc eleru ,sseterir An Integrating Keal” I’ime Ai ial y ii’ i
J W ilson I) S All en
F flij Ov( ri , San .Ji j ,nr Capi’,~rano , CA - S/V . Soon -I Vib - ConRad , liii , . , I-3n lI i n n , MA - Sly , .Si.iun Vi i  - 17
12(3 ), r , r ’ 2 4  2 3  IMnir 1978) 3 figs r p  4 1, (Man 1 118) I) fiq:,

Key Wor d s: Acceleromet ers , Vibration m easurement . Key Words: Vibration analyzers , Noise measuremen t
Messur m g  instruments

A new inte g rating real t imn i rn analy ze r is described which bias
Basic accelerometer characteristics needed in the attainment a built-in CA T display, weighs 40 pou nds , is batte ry ‘ r i i - i ,alc-’i
if high f idelity s hoc k and vibration test data are d iscu ssed . and brings added convon ni ’nr ce to noisi’ me~is umn ’ rnie n t arid

They are the n-sass loading errors , mountin g effects on per- analysis. It is mi one-third-octave ann fu l i - on tavr ’  real- rim e
forma nrcnn , transverse Sensitivity, amplitude range and linear- analyzer with long-term integration f~e i i i t i r - s .  It op era te s
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as an integrating analyzer or in tegrati ng sound4 ave i m eter interrelated concepts should be con sidered when one thinks
to displ ay A- or C’weighted sound level or an~ selected band of rea l-time rate. The first , high real-time analysis apeed,
level as a function of time. Either ac power j r internal ban assumes no loss of data up to the real-time rate and , more
tery pack cam> be used so power the instrument impoOently, assures Shot data will no t  be ana lyze d incor-

rectly because of insufficient speed. Second, a fast display
rate allows the analyzer or processor to display things which
are happening on an updated basis. Phenomena , such as

78-1272 beating frequ encies , machine speed -hanges , turbine blade
Amplitude Accuracy Limitation s of Real-Tus ie Single resonances and non-stationary data which might otherwise

Channel Spec trum Analyzers I,e smeared or averaged into the display, may be observed,
i ci _ Overlap processing, the third conicept , which is the ability

- i~ to perform a selected analysis function before a whole new
Rockland Systentis corp. , West Ny;>> - N Y , S/V , memory sampling intervaf has elapsed , is only possibl e where
Sound Vib - 12 (3), PP 52 54 (Mar 1978) 3 f iqs , a high real-time analy sis rote is available, Using overlap
2 tables processing the analyst is able to monitor changing phenom-

ena, on a continuous basis, such as during impact testing, to
provide optimum signal-to-noise enhancement and to utilize

Key Words. Spectrum analyzers , Measuring instruments 
weighting and windowing functions to their optimum bene.
f it.

Modern spectrum analyzers do not measure amplitude as
accurately as might be assumed because they contain special-
purpose comput ers to implement mathematical algorithm s,
e.g., s pectrum analysis via the Fast Fourier Transform (FF T) 78.1275end smoothing is done using dig ita l averaging. The funda- - -
mental errors discussed are the picket fence effect , the at ’ lntroductson to Wave Anal ys is Inst rument s
fact of windowing, and the effect of smoothing voltage or J.G. Bolliriger
log amplitude spectra rather than power spectra, Hardware Univ. of Wisconsin - Madison, Madison, WI , S/V .
factors thot contribute to the amplitude error are also ox- Sound Vib ,, 12 (3), p34 (Mar 1978) 1 table
amin ed and then the amplitude accuracy of a modern spec-
trum analyzer is compared to a s weeping spectrum analyzer
which is implemented using analog techniques, Key Words: Wave analyzers , Measuring instruments

A brief description and a table is presented , which establishes
broad guidelines for selecting the proper wave analysis in-

78-1273 otrumentation for some typical problems.

Spectrum Analyzers
R Upton
Brdel & V ~aen , IJi;nuniar k , Sly , Sound Vib., 12 (3), SCALING AND MODELING
pp 3~ 38 (Mar 1 318) 3 figs

Kay Words - Spectru m analyzers , Measuring instrumen ts 78-1276
A Scale Model Technique for Investi gating Traff icThis art icle surveys some of the types of s pectrum analyzers

ava ilable , and examines factors which will influence th eir Nosse Pmpagataon
Choic e for particular measurement problems. M.E - Delany, A,J . Rennie , and K.M. Co l l i n s

Div , of Radiation Scienci; and Acoustics , National
Physica l Lab. - Teddington TW 1 1 OLW , UK , J . Sound

78-1274 Vib., 56 (3), pp 325-340 (Feb 8 , 1978) 10 figs , 28

Advasit a~es of hi g h Real Time FIT A nalyzers me fs

A C  VoII i:r
S~se :traI I iy r ia in i i n .s Curl) - San Dieqo , CA ., S/V . 

Key Words: Traffic noise , Scaling, Model testing

Sounint Vib., 12 (3), pp 48 - 51 (Mar 1978) 11, figs A 30:1 sc ale model technique has been developed for inves-
tigating the propagation of noise from traffic on malor roads

Key Words : Frequency analyzers , Fast Fourier transf orm , and motorweys. Validation studies have been carried out
Measuring instruments for • range of different road/housing con figurations by

comparing relative noise levels obtained using the model
Some of th e not so obvious advantages and applications with field data obtained spucifically for the purpose. This
of high real-time rate are explor ed in th is discussion , Three model has been used to obtain syst emeti c predic t ion dat.
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and exarnpiins h r ,  shown trim nm ,,,, - i n n - I ’ ,,, i i i  I mi amo ii mm , ,,. I v i .ii un mii ’ e~-i m r r .iiy ,‘,i . i tl i m nn ,,, m , ,  t in ,- mrinniilold through sri el~c-
irs a n , > n n n i m , i i  liii mn,, i n ’  i m ’ - m n n - n r , ’ i ’ , , i i ,mnn , , , ~li a r lal n lnn t w i ’ , ’ , ,  m n ’ i m l - j m , . m m n i n . , ‘. I , , i i ’ n ’ r , I m n v n ’ m m  oscillating piston . Harmonic ,
n5(l iacn ’nt blocks of ho uses , arid n n,n , n~iin, n,,,,, n n ,iin ’n :n ; in,,, n, : n , i nm’ mi , .un ,i ,,mn i a,rd innrms it’ni ‘ - a , . in, i f pr n ni s kr~ yp l~r i’i, O h m , ,’,3 - t ) ig ita l
wi t h um m i ,nm, k e ri par a l lirl ln i , i ln I , , ,

~i him _ e l , - - , ‘Jr i ,ln in i s nn ,- n , I n- - , d in ,, n n o s n i n m, amid timocessnnq i n -n : fnm nn~u’-~ ore used to
of II,’- r , , , im l in: , ‘ inn - 1 ,1cm ,,, ,f i stn i , in .n ’ n , i m ’ m , anmif acoustic pressure signals

fmn r i,iliut i n n  t ra mn stm n r ir ,,~,r- , i,j mnm . m ’c Tim e i i r>n i nnnU ’ l mnimthod is
inn ,- , n a,,mi ,‘ fh i n .ir , i  n Ii is açapli~d to mini- mT ,00surOmimmit of l i n e

- i n  ‘ , ‘ , Si ,i.,ii , ,nn f n r i I , rmi i . n- c n i t  a nw ,’  y innni, ’r ro l n iqimr ati o n com
‘F ECHNIQI,JES i n n i ’ .cn, r ‘l,cr ,ia;,1, -,y’ , i ,nmm n Various asp ects of th e measure
(A l , ’ ,’,- 11 ’ - i .’> I ]  ,, n ,-,,i n m mn .i ’ni n~mn,’, >iii’ nlism:ussse i iii ’ m m ;  ~~iiIr the meto rn m ne i-efa

mim i c

78-1277 
-

l)Plaelopmenl oF an Issipui lsi ’ li-diniqisi’ m i  ~li~;i. 78.1 27w)

~ sresnrnt oF MsiIIlei (:hi aras-k ’ i - ist ii - ii M*- ,i,,iu i - i - , i si ’ t i l~ w~ t Ii art Inli ’tisi t y \l.-t ~, m u ibm’ Arotsa—
13 ‘ ,iii qf i  .in i ’ ]  I ~ d i n - i  l ii- Power ‘ii a “ sm all Niach it ie i i i  a It(u(fl51
Ai ,,i’ ,t > ‘~/ ) l V n , i r nu i ’, I mnqni (  ( . i r ] y i n -  i . ’ ,r i i ( > n  - . - , , r I. > , ., F .1 F
Div f ( m m m i ’ - ,  ( . i n i  - . f r . I ’  ‘ i - n - , Ii ( I . / ’21 - I , , , , i r n J In i - .i ‘ i f  ‘ ,i , ’ i l  mmi i \/ if i r , , I ior i  I f>> ~, , lJmii y f ‘,,nn j t f i
V t )  , ‘ il’ (1 ( , -~ 71’]  —~ ‘ ( n I 72 - 1 1 / . ] )  18 ‘~~, . , m ’ n i ~ -f i r , . ‘ , i n > , . >  ‘ip tnjmi - h I ‘ if III - f l Y  - J ‘ ,oi nd Vib -

‘A) ~, ‘l- , 5/ ( f l . pin 3 1 1  (72 ( Rpm 8 , 1 ’I/% ) P I , - ~ - . 4 l.mh (n - ’,,
I i

Key W ri rds, I m i ~n mn, -  rmn uf f le r t . fesi mmq i i i  i,,,i~iun ’5 , An .n n i , s t n - .
tin, 

~~~~ ‘ Kr - y W i,’ I A’. in mm, , . measurement , Mearumememm t tec h
niques

This paper ‘ii’ca. ‘i l , -- . an ,,m:m ,n j snin : ,nm it iui ;rn rr ’ch n .,n i ,mn ’ for ann
exp emi m rmnit ai pvnii ij-, t,,, , n, f mu fflers . An ocoutrnc impulse A technique in which 1w’, closely specusd pressure micro-

f sh ort niuret morn is gomnui ratenl a m ,, I p n n l , n -.,i Ir a i Pr, mi , ,  f f 1 , , i n l , n n  n i’; - us spin: al purpose c,rcu in , end a sound level meter
specirnumn. lsolatm ’m l ,m , c i , i i , , m r o f i isctmmnl and I .rnis nn ,i nir - -i Pi1I505 ,nmc ’ “mm iii’ , ~n-,I ii  mneeamj ne acoustic intensity in octave bends,
are csptured by alipropm,ii in- I y i,,r_,m ~rsI  i’r’’,~unr In,,,, -ii,’ - ‘ i s  ,~ uted to r m m , , , , > , m , .  f ine ln> t sm n ’ ,it ,> r f i s t m i b ution s ro urmd a small ,
A 5yr,n.i,~ ’ n m , n ~u. time n i , , ,,> i i f l  ovnmnni gnr mg operation is in c 1200 - In’ , m m , ,  n i w s tt , machine s ituated inn a room . The tot e lformed to ei n, i , n , , , imi ,,i,,,l - , ,  f low n,,,>;, compom iorirs ii,,,-, acoustic power iistnm riate ij th e re f ro m is compared with th at
those i’s;,, me signals. in n s ~.- I  muf f  i~ r C ,n , ,n n . r i m  ciii.; mm , obta irmed f ry  line r.ormve n t no nnal - ‘d ir oct field’’ method - The
ml,.’,, corriputod , inn ml , ,-  lni,quency i i , , ,, , , f m ’ i r ,  rh i- r-oun n--n n-n . , , , , -  n,,’ , which arnpnsrs to he accurate over the range
t nuu ns f nrrr m s of m l , , . ,;, I.in,’,i we, ’  i , , , , -  l , , s m , , n , r , c  1. -i l . ‘ n i - i- i ‘1( 1  ,~(lPii I 1i~ i ’ ’  i,nc,’> ,,ml ,Jm’c of inte n sity and power whnch
, ‘,t, n ’ im— in ,’i ~m l n ; - . n , ’- ’ ,l ’cnim,n -- n as i .n, r ,m, mi ’i ’iU; Ii i ’ ’ ’ > > , i  - - f  n , -  p . ’ , - - ,  .i il ~ l ass t f i smm the ‘n l inm ’ m n m im I values Time dmf -
f req uen cy lwi ti m n ‘> m , i ,ni  or, i,nm i ,~ m, m n , > ‘ ‘v ml , , -  , ,v , -n , l . n t , i , -  i n n , - , , , , tennis m l ,  ,i, n miii > , ’ with Ii i’qn,in~n r~y A potenti al for
computing f> ,m_ iI, n > , )  

~‘, ‘ r ’ ’ -  i,,’ m n , m ~~, .5 e,l,, , , n i , n ,  is inrIic~ ten J .
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n,;. , , m m ’ , tn , , ,  t , - ’ I mimi _ m I n i ’ s  nit - , r - ,i ,,, I i ,, -i n I- , ii m i,, ,,,.,,,>‘.i m , n-’ , w iil, l m , , m , ,mi y v , i m y , m ,~1 bmi’auiih amid i,-1,rh - ‘- ‘I,’,, vmn,I. Ii,’-
in ,; -r , , i’_ m,m , n n n i , , ,,- Ii,,’,’ ,, n, ii,,’ ,m i s m ’ n t i m m , - n ,n ,’ In mmi ’i i ’’ m m , m i i , iit iw,st is ass i_ i mni m ,mj to va ry iimni’ url y a lormij liii, l e r m m 1 nl ’

cam, fan mm m i - ,  mm-n , - ,  I in, - ‘ i m _u i iic>i I , i , iv —, , , n , i m inn way is m ,, m, im ~mm, ; m mf II,,> faujumn . Oi,, m, fl ,, m ,i~ of dii,~ n r i r - l , , m m , , . m n, ,m m,  i n n  m , , t , um
of h u m _ m i  i m m s n e m , , t > , n , , ’ , , , m ’ ,  acr ,us t , r:  p mns ~i , ’  m, A Sin,,,,’, of i n— rim-, T i m  hur l , , , misu i lmm r m , mI in, mlm, m i v ,m mm u ml,, i’lom,, ,-n,t al in,,,!, in ’-- .

i,,i- .m, u - .i,~m l mm,, , 1 , ’ ;  r,,,_ , ,,m l, ’ n I m m 21) nn , i n . n , , s m ’n n m m > n I  intervals Ti ,, - f , r s i  I n , n , r  flmitur,,l f n r , m i , u m ’ , , m  i ’ s  , ,m, , i  ni ’ n : i f i -  ‘fm - mi
.ini’ i >m m; i ’ m , n n i l  wl ,n, I, show ii,,: ‘i , ,n ,a r l , , t imm n i of a 16 kIl , ‘ .,i, i.l,i ti ,il li_n ca mi t i i , -v n - n  beams of ~ .i, ‘ i ’ m ’ ,  m lint,t im ,,i,,f l , nm ’ , m ’ l i l ,
wi , , , ! ,,  i,,,,, l , - , , - .n ii, ,,.,m’ - m l i , - - ,,,I m,, ,,l,,,,>,,,,,i w, th t h e  r,mj w t, m p , m - n n> , t i~m s ,in mlm ff u, m minm t ,m mi nj lcn. m’,f t w i n_ i .  t I , , :  resu lts mime
l ,,, im ,m im ,im ,l,m , jis,u,,i,,,il ,, ,m, m n , , ml ,m, , l m m , -  i n ,imn l i.m n ni wm t lm ni , ,’,,, r ,n , m n , m , , ,  •t’ I wil ls lImos., avm.si lul,Ii’ ii, tin,, l ,m, , n , , m , , ,  - -

nI , mv,,,: ,) sm _ l,i m o m , - , , am -mm - mi , , _ ,m , i,n , nn,n -ml , i i — i ’ .
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78-1285 quancy for a given total mass is coni~idered The beams

Simulation and Experimental Studies of h eal Ex ’ analyzed are in the main cantilevered arid oh recta ngular
cross section but the theory is easily extend ed to other

changer Tube Vibration with Clearance Support end conditions and section shapes , A variety of co mes is
Interac tion considered involving the mnc lusmon ol upper or lower bounds

R ,J. Rogers on the section dimensions or the addition of a corncenitratsd

Ph .D Thes is , Univ. of Waterl oo (C~im ,- irI:i ( ( 197 7 )  end Inertia ,

Key Words: Beams , Supports , Heat exchangers , Rotatory
inertia effects, Transverse shear deformation etm f acts , Corn- 78-1288
puter programs

Caic uja tioss of Integrals Involving Character istic

A technique has been developed to simulate the transient Beam Functio ns
response of a beam-like structure such as a heat exchanger C B. Shanma
tube as it interacts with its clearance su pports. The detailed [) ept of Mcml hi: ’ ui m i s , u niv of M,lrl ct ,,-sli ’t Inst of
dynamic interaction between the beam and its supports is S.ierici; ~mn d t ech ., Marichm,ster MOO l o t  , U I’ - .1,
predicted, thus pro viding the contac t forces and other

Sound Vmb - Vi (4),  pp 415 480 (F -Th  22 , li)/8)variables useful in predicting rate> of wea r. The method
uses 3-dimensional beam finite elements which include the 1 table , 4 rets
ef fects of shear deformation and rotational inertia.

Key Wo rds: Beams, Cylindrica l shinlls

An analytical procedure is presented for ev aiu a tin g some
78- 1284 -important integrals involving characteristic beam functions.
Dynamic Behatmiour of a Beam Subjected to a I” orce These integrals ware encountered in the vibrat ion analyses

of Time-Dependent Frequency of constrained and unconstrained circular cylindrical shells.

S - I  Suzuki The analysis will also be useful in many other problems
whe re characteristmc beam functions are involved and will

Dept. ‘ it Aeion-iut ics , Nagoya Univ - Nagoya , -Japan , enable com plicated and computer~! imeconsuming numerical
J . Sound Vmb., 5/ (1), pp 59-64 (Mar 8, 1978) 7 I I I- ,, integration to be avoided.
2 r ef s

Key Words: Beams, Dynamic response, Time-dependent
78-1289excit ation . Forced excitation , Resonant frequency
Dynamic Behavior of a Load Lifted by a Mobile

It is a well~known fact that , for an ideal syste m in which Const ruction-type Crane (5th Report . The Insnes’
damping is ignor ed , the deflection of a beam becomes infinite tigation of Dynamic I.oad Factors )
for the case wh am-a the constant frequency of a steady-state 

H Ito , V . Swi,J ,m , II Fuj iinotu , ,,nd V V i m > ,
external force is squat to the cr iti ca l frequency of the beam ,

Ki.iL,m; ‘,r m , , ’ I  L ¶ 1  - 1’s,k I)~f l i , Japin i  - Bull. ISN ~1l - 21In this paper , the external force is assumed to be propor-
tional to s in (at 2 /2 + bt

3 / 3) with respect to time , where ( 1 54 ) ,  pp 1,0 3 (> 1 7 (Apr 1’) 78) 11, f i ~~- . > Slits ,

a and b are constants , and the effect of time-dependent 4 ref s
frequency om , thit dynamic behavior of the beam is inves-
tigated . Int egrat ions involved in the th ” oretic a l results are Key Word s Cranes (hoists )
carried out by Simpson ’s rule,

In this paper , various simulation models of cranes are shown .
Formulas for dynamic load factor s using multiple regression

78- 1287 
analysis are establish ed . These approximate formulas are
simple polynomials in wh ich basic dimensions of crone are

Some Optimization Problems in Torsional Vibr ation variables , and they are found sat isfactor y enough for any
M H S. Elwany and A [3 S. Banr pr acti ca l app l icet mon .

Dept ml Mr,, .h [ nn~r j  - Uni v it I)urid>:i, , Dundee
001 4HN, U - J Si,>,n mij VIb - 57 ( 1) ,  Pt’ I - I] (Mar 8,
978) 18 t m, 1’,. 1? t mf , l mn s , lb m n - f ’ . 78-1290

Natural F’requencies of Two Cantilevers Joit sed by
Key Words: Beams , Torsional vibr ation , Natural frequency, 

a Rigid ( onnector at Their F’ree Ends
Optimi zatio n G I . A mi; J i’ ;vi mi

The design of beams t o maxi mize a torsional natural Ire- ln’,i ru t (:1 HAC hA , CH 1024 1’ >ib I ,; m is , Swit ‘ i ’ m lan d
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.1 Si u u u m , m i  V i1 m , h/ (‘i) pp 403 412 (Apr 8, 19/8) BLADES
) liii’, ‘) nmrt ~

Key Words. Camm i it evs m beams, Natural frequencies 78-1293
Design of Propellera for Minim um Noise

The derivat io m~ of the equations of motion is gi ven for a syb ’ C -J Woan
tam cnnoisting øf two identical riarallel cantilevers joined Ph .D . Fh~sis , Univ. at Itiinoi~ at Urbana - Champaign ,by a rigid connector at their fre e m,nds . Elementary beam
theory is employed , and m i s  observed that the longitu dinal 205 PP (1977)
and f lexur al deformations of the system are coupled thr ough UM 1804196
the boundary conditions but not through the di fl eren ti al
equations. The associated free vibration problem is solved , 

Key Words’ Prope l lers , Noise reduction , Design techniques

The investigation is concerned with the theoretic a l design
of propel ler to obt ain minimum noise , subject to constrains
on the aerodynam ic performance and wake confi guration , In78- 129 I this anal ysis , which is f ased on both acoustic and aero-

The Effect of Rotary Inertia and Shear Deformation dynamic considerations , attention is given only to the rot a-
on the Frequency and Normal Mode Equations of tional noise due to static sources ,
Unifo rni Beams Carry ing a Concentrated Mass
D.A Gran t
Dept of Mei .li . Enqri~ - Un iv . of Mainir , Orono , ML 78-1294
144/3 , J hound Vib., 57 (3),  pp 351-365 (Apr 8, Torsional Flutter in Stalled Cascade
1918) 2 f igs , 5 refs S Vashima and H. Tanaka

Aircraft Engine Div ., Ishikawaji rna - Harimna Heavy
Key Words: Rotatory inertia effects , Tran sverse s heem Industries , Tokyo , Japan , J. E ngr Power , Transdeformation effects , Beams , F requencies, Normal modes ASME , 100 (2), pp 317-325 (Apr 1978) 14 figs ,

13 ridsNew fr equency equations for transverse vibr ations of Tirno-
shenko beams carrying a concentrated mass at an arbitrary
point along the beam are given. Normal mode equations Key Words: Compres sor blades , Flutter , Torsi onal vibration
for the hinged-hinged beam are given and the orthogonality
condition is presented for beams with hinged , clamped or Applying free streamline theo ry and singularIty meth od ,
free ends, A numerical ex ample is given and fr equency a theoretical study is developed for the torsi onal flutter
charts show the effects of varyin g the size and location of problem in fully stalled cascade, Aerodynamic moment
the concentrated mass , acting on a vibrating blade is calculated f or some cascade

conditions. Experiments were carried out using a water
tunnel with a linear cascade, end the unsteady moment
acting on the vibrating blade was measured, Computational
and experimental results are compared.

78-1292
Direct Analytical Solutions to Non-Ij nifons i Beam
Problems

78-1295CD . Bailny
Dept. of Ae r’ imidutj ca l am p d Astronautica l I nqrq. , Investi gation of Blade Vibrations Concerning Ins-
The Ohio State Univ ., Colum bus, OH 43220 , ,J pellera of h i ghly Loaded Radial Compresaora by

Means of Telemet ry (Zur Unte rsischung von Schaufel-Soun d Vib ., ~,b 14), pp 501-507 (Feb 22 , 1978)
2 figs , 5 tables , 13 ret ’, schw ingungen an L.aufradern hoch l,elasteter Radial-

verdichter mittels Datentelesnetr ie)Sponsor ed by NASA Langley Researr,h Center
U. Haupt and M Rautenberg
Institut f.  Strtimungsrnaschinen det TU Hannover ,Key Words: Beams , Vibration res ponse
Hannover, Germany, MTZ Motortech . Z , 

- 39 (4),
The direc t analyti cal solution to the vibration of non-uniform pp 177-183 (Apr 1978) 10 figs , 10 refs
beam s with end without discontinulties and with various (In Gem nnan)
boundary condition , is presented, Results are compared to
results from the exac t solution for cer tain cases where
the exact solution has been obtained, Key Words: Compressor blades, Vibrat ion measurement
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in, ’ ,i,,:mii,is ,- n il ~ , n, i H ,i~ iLirl,, m ,m- ~ mm m i liii bma _ l m amg i _ ’ m s 15,11 i~, il lustiating ml ,,’ j~,pl,m,anli _, mi m,l I im, ~ iiii,i iy m m , . mm,i, th ,.imi ,.m mm n q mv ,- ’
I m i m i ’ ’ ’ ’  i i l m m m ~iml y i,,,i,J,,,l , , im l m, i l  co mrm press ( ,rs w i t h  tm i , my inn .. m l , m ne m I m,, iJc)vim m rn,,

thin m m i i i ,’’ , V a r im , , i ’ , m i m i , ’  V i l , i . i t i , i im  pr o b lermis m m ,. mnvesi igoimnd
mm mi m i -  l i , sm i~ mn~ m i t  iii, ,i, tim :i i -  lhiyn tj IatJ~ vi t_ in,ym,, ,,, —, of a

m u , , t  m m m m m i i , m , , s s , m i  m m m i ii ,’, ,mm,, e ,a m m m , , m mn i i  Sm,r ri ico nnj ucto r
I to measure t he strain miii ,i,imlm,5 in CYLINDERS

1 m i ~ m - m- m~m m~pmnmatmriq m am m q m ms oh iii,- ci,mpmm,ssor - like rotati ng
sial i , sun~ji’ un it h um ? ,, , m ,inm ’i i.’s ,,m,, for mliii ,_ , m sm, mit  i i ) , ,  imn i
fo r m y m l l ,w , - ,m, , i , !m, imlb -t,i,’~m ms m, i-am -ri s u it m,t )Smnmmsfl’i T I m ’  u - Ti  

~1( l 298,, ‘iimn m - I im m n ~
m ,
~n m ,i is are tr a f l t m umm tt e d by a 1 ~‘ m:h anmm el t ,- im :

m , , m , y  syste m , , ‘l’orsiWHii Impulsive lteiipo~sr of Elastic Hall.
Space h ue to a Ri gid (.ircular Uy liu iuli ’r
H - Mat ii Irtmnml - I ~~ aiiat a m d  M ‘ ,m~ in’, ‘ i

t i il ym I m m ’ ,i of m i i i . , t mml ~~ mi l.j i .im , (to ll I _ MI -78- 1296 
7 1  ( iM i ,  pp m ,J i 5/3 (fm-~mt 1~l/i i) 1? fi ’ 1~, / :1’ ,

S y ui Ili i ’ ~is of Iliad,, I” lutt er Vibratory Patterns I slug
Sta t io ssa ry ‘I’ rajssdues’ ri i 

-Key Wonds - Cy m ,m m ae m s , Hail spa, m . Elastic m ropert ies , lm
1’ i it I ,v ,ir m ml J . I .l im i i ’ . pact response lmrs m,clmonu ical I, Tor s iona l re sponse
Ii-,, ,’ , m m - - . (.m - m l t m ’ m  - NASA Lim-im1,i u ml , (fl I t imj i i
N .  NAS/\ I M / 1811 - I ‘I’ll U, 7f ,  t m  ( N f l , , r  1’ ) / / )  The r iq m , 1 circu i~ i ,iimnder cem nenit s, d on arm et as ti c hull-space
N/H 1 /81)1 mr, rotated imTip uis ivu-iy ihiiiugh a small ,um m m ji e The problem

us solved by sutti m m g up arm integral eifuaimon lur the Laplace
traiisfornnm of Pmu~ coefficient of t Ime stress function, The

K m y  W m,m i, Ft m , m i n m  blades , F i utter i nvi r sion of rh’ ,e L,iplnue,e tra rishi ,  mini is can ruin out by using
the mimer icai moti f hod ( F m ’ - num rmc m im .im i nursul ts arm, shown for

F l , , m i , - ,  I, in mi mmi ’ , , , . was dci,-, i m , i m,m ’ , l  and notOi vm lirato ri t Ime m mn m pu l - ,ivir response ut tl,u’ ‘ ‘ i ,i ’ ,t i ~ h a i l  space such as mlii
nmnmm ~i i m tu mImn mmm d plmasm- di s tn ibu umm, m ,s mI m i ,  inq f lut ter were ml’ S t m i ’ss intensity Iai mmii and the t o mn l , um -
co nstr m ,m m m m l  ii,,,,, s i m i moimar y .im’mni i ym , ,immiiC i y1,i. mm-measur e

is - A ,,vmm mu sty r ‘m u ir tmui opt cal rniithod for measur I
biamhe -t ip ml m ’ , mui.m ’ - , , mm ’ mi r  m hi1nmnn ~ l lu t m m ’ m was extm,nduyd by
mi m ir Or i s if imm I , id l  ariatysis. Uis~iiacemni imnt amn p liiudmm s and phase
armqles wm n m ,‘ ml ,-, m m  rnirienl based on this m et h od . For select ad DUCTS
l, i,al mns , s i ’ ’ , c t r - m l  n i - s u i t s  were alsr, ob ma immed m u m , ,  S tra im ,  gage lAl s’ , - ,‘ - ‘ -  N- , 1 l iP/ I
, m m ,-as ,iu mi m i-n I t— , liii- mc-s u lis f rm im m m m 1mmms , -  t i , i e m ’  types m ,t inca
sur’- ni i ’ m m m w u’ mm ’ , o i l - mm ‘‘I and n:rmtic all y evaluated.

78 1 299
CONTROLS \ I” inite Fkiiuent M i’l hod fur ‘I~ aiI~ i uission in Non-

I - uiilortn Ducts without h”los~ : (Lo isi parim e si wit h
ii~- Method ul V~eighiti-d l(i’sidtial~

78-1297 II .1 A ’,mlm ’j ,nid W I -,m - m ’ ,m i,.,ui
SbibiIuf~ ~ii.ilV Mi5 (II an ~ i-i i’h i ’iii tiiji i (,ulWi’iiiui I i,~~m I o f .1 ’ - H I m m ~j m ,~ - Ut H- , il ( ,~ m m ’ m - m I , m i m y ,  (.l m i i ’ ,t
n l i h i l i ’ l l i - i l  Ii, a hlan,iuiuii ’ Spi’m-d lhsI ,irhaiii- i’ m l i m i t , i i  - J . ’ ,‘i ,‘ - ,,I,,~ d - I ‘

~~ m m m i .  V i i ,  m /  I II -
- , Am - h i , t~~i .u / 133 ( A m m m  11 1 - i  /3 5 fm ’~:~, I, m,iiul i: ’, t ‘ ni t ’ ,
I n~~~t ‘ i f  Punt,:’ I, i mr ~m m ~ - I l m m i i  ‘ i t  ‘,i ll ’m ln I : mm in  I I in _ t i - - ~~~~~~ 

- ‘ u ’ ’ ’  I I 4 / 1 , / u  I ‘ - ,‘ : - 1. - ,‘ - m m  I, I -i t i m
(ihi.ir,.i Moif u fl~~li If i ’- ’ ,m 1’ 3 (2) 1, 11 I t ’ i

1’,-’ ( 1 1/ 3 , 1 f m ’ 1 - . II mm I’ . 
~
,,y  Wi , i ’m~ . l_.Iuc ms , Soumid ,. , m ,s,mimsb,00 , I imu mi,’ , ‘i , - mn , mnm , m

iimm. b ,mim, i m ,m, , m ,a hi ,i kin mu -t i, , ni , t g t i ’ t i , , , , i  , , h u—u i -, , i hu t e m l res i 11uai~
I’ ’ , iNm im , i-, ,, ai , mI , m v ‘ , , , - u t , , , , i ’ , tflm,( i i . , ,m ,sm ns , (.,,nit,m,i eq um mu

A I m u m ’  , , i ’ -mmim-m i m ,,,u,m i,,,,l is uim ’v m’ iopm,iI f i ,m i f , , ,  stum ly m i t

tra n y s o mi ss ion ‘i sm,un,j in m mnm i i ur ypb , , r r n  ,im i, .is wm i ho ut fk,w
Au i n , , ’ ,  m u, m ‘ p ’ ,v i ,m, , ,  mu wh,ichi is ‘, u i , i u - m tu -m i  in ,  hiar rm-mo,u ic vsi a lIme formulation ,s basi’ni (in ,i vviuii,jhti’ml nmrs mdua ’s approach
t ion s mm , 10m m ‘ m m ml si m~ i’ ,i us amial y / m , m  I mm th is  paper . The a nil eight i oiled isopar anietr ii, “I m ,nmm m m m i t are used - Twu

- u i  nil mi nI? ai im m at ,,, cu,i .i, -,m m ,, i i i  Sliei,’(h hiirnnoriim. va uia corripu mamm onai schemmi cs are mhm ’s,,, ,,,i~,I one based on ml , ,-
mi o n is a l Imi t  m ,,~,i— m ’ n l i i ;mt m mmi tr im i i ’ - mm ,,  b , , i i i m ,n , var mal i ’ , , ,  I-fi.lnihm,lt, m ’ ’ m’,,ii ,on obtained Imy ,.onm i l , i r r u n i y  th c basic con
i iu i- i m, ,u,i is usumul in . ey i . i ’ u  mi i y I~- t m n- mli i— m u i ’ . m . u l u i l m m y  s i , ’ . , -  i s , - , v , u m u , m m  ,-u i m . , m , , , m -, am,,1 u, , , ,  i , , ,s , - ’ i  iou Ii ,’ n m ,u m sm ’ rva tmm u n
/ , i , i5 ,S ‘ i i ’ -  ii) i t , . ’  i i i  , i , n m c o m m  n- ic  tat rim, Numyum ’ni m mi ruisulis m.~f uationms ?h i t ’ i m i su - i v , - - ,
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78-1300 A react va aco’Jstu . att e mlua to , tha i cummnbunes high reflection

A Method of Weighted Residuals wit h Trigosiottietrim- of low f u ’ q m u u ’ n c y  sound with low u , m ess ur e drop coefficient

Basis l”unrtionu, fur Sound ‘l’ ranuu.i iuts ioii in (, ic i -ulnr us investigat ed i ’x peni mentam l y and theorimtmca ll y by using
equations 1oi sour,d i’ mmip agat uo ml in su u a m g ht and curved ducts.

Ducts (‘ood aqreu mrnu mnm t us obmau rred munch thu, theory is used to re-
p T Vo mod VV F versmnan , l,’~m ,~fl ml , n: mli,vu , m, to ‘ m uv e a m in mum,, t a n  sm mss i n,n loss of
DIII !  of Mom ii I mm mjni ;  - Un,- 5 iii I i mmt i ’ m buny, ( lm r  i~~! ‘ n m , du,c,t,i’l’ miver a f me u u m , m ,m. y ma rig’- iii m i u ie e quarters of

f uj in f ,  New /i :p il , m r ,m I 3. Sonimuul Vu l i  - (‘i) 1>t) ) 4J  an i tav a Sm mn ,uii mIism:nm, i ,~ mn,.mi, i t,u-twem ,n theoretical and

250 ( l i i i  2? . 19713) 1 f i j ,  4 t , l i l t p - ,. ~ m i’, 
m ’ m , 1 u ’ -m,mmmu ’ nta l  results are uhisc ussed

Key Words: Ducts. Sound tran smissum ,mi , (3,ilerkmn, me thmuu l

78.1303
A modified Galerkmn method is employed to for m ulate t Ime Sound (.enerat io n uuid Tranm,iissi on in F lo w Ducts
problem of transmission of sound mm , a uniform c Ircular duct. w iLls Att ial ‘J’estsperat ure (,radientu,
The basis functions u sed ,u m m , t rigon ometric and a r , deruvu ’d

A (~t i m m i m r i i n n J sfrom the equivalent pnob lern in a two-dumipns,orual duct. In
the case when flow is present basis fu nctions b ruuim m the m. as u , lii i u t L f l v i m m , m m i  ‘ , ip nF , i I  un im m i , i ’  an m mj  [&‘i tm , Poly
without flow are used. m~ I n .  u i r i m , -  ‘ ui. i m i t li lt~ rmk - F mi nm d ori SI 1 OAA , U K -

.1 ‘ uiiuii i d Vib , 51 2) , liii 11,1 ,‘ / ‘J (P,’lar 22 , 1978)
II I,

~~’
,, 1.3 u ’ ~ t ’ .

78-130 1 V, ’y Womm ls Do, Is , Sound generation , Fundamental mode
Comparison of Measured hlroadband Nin a,’ Att euii ia-
tion Spectra from Circular Flow Ducts and F m,,. ‘1 f its am ii, i n  di,scr lies a une .d ,,,mensiun ,ai . linearized , analysis

Lined Engine Infakes wit h Predictio siut of f und amental mode sound q i ’ m imn m a m i o n  and propagat Ion in

A A Syt’ul and S C l t m : nm i i - l 1  
nigmui- w a t t e d flow ducts with axial temperature variation ,
An acoustic wave equation , including damping ci facts and

Aero Dmv , Rolls Reyn in L td  - [ i n  iy DI,’ HB.J , Ii K - volume soumces , s dei wed and its solution (in (he absence
J Sourmd Vib -. 56 (4), l~P 531 564 l~ i i i  22 , l’ l /41) m,t sources i by a ,uuj u ,m e nmca l technique sod an approximate
32 t ugs , 5 t ables , 33 r u - I s  . m m ~.ulyt ical method us discussed TIme “forc ed” wave equation

ui then mived (the exi s tence ol an oscillating solution to the
“ ufl l orc m ,d ” m ’ q m u a t l , m ,  luei mu g assu m ed) for sound generationKey Words: Ducts , Sound ~~ nmp~iqui t mom , , Acoum s i ml: linings by a sidehrane.h volume souir’, in an infinite duct , and the

mIt t ,mne applied to a duct of f inite length. Reasonably
Sound propagation in lined circular ducts is investigated mu

‘I . . i m ae m nmn f l t  us obtained between mflaasurements and
the presence of uniform and sheared flow. The modal so iu- - ‘

(ions are obtained by solving arm eiqenva lue equati on wtimc h . 
I m ‘ u s ot the sou nd pmess u re field in a flow duct , away

- . uurc im , u ’ ’ j m i . i rm
in the case of sheared flow , us derived by using t inm re dif -
ferences and by match inq the pressure and th e radial corn-
ponent of the particle velocity at the interface of the r egio ns
of uniform and sheared flow. For the unifor m flow region . FRAMES , ARCHESstandard Bessel function solutions are used. The attenmuation
of acoustic energy a m a given frequency and for a given limier
length is computed on the assumption that at the in let i i

the lined duct , the acoustic em te rgy is equally d istributed 78-1304
among the propagating modes. In genieral very good agree Vibratiossa of Frames with Inclined Me,sibe r,
ment between predictions and measure m ents us obtained . (. H i;han 1

Di ’l mm 1 ,1  A i -mo ’ ,~iau i’ Enqn~ - NA’ ’ Ii - I m u l l t m l  and Enmjmg .
Pvlu:i i.hnicS , I I m p  Unitv nil AI ,m fj i j mm u a , Univers Ity, AL ,

mS4 lt li , J Somutid V mb , 58 (2), Ill) 201 214 (Jami 22 ,78.1302 -

19713) 14 I i ’I ’ . , 12 nm’( sA Reactive Acoust ic At tenuator
I: A F miller , i muii I) A 13 mm :’ ,

Key Words: Frames , Axial vibration , Flexu mal vibrationDept - Of Mccli I rsqr ’~ - I m miv of Adel~ i m Ju: tuunje ta i’ i’ - ,

South Australi a 5000, J < un ui j mi ’ I Vib - S f1 ( 1) 1111 45 A formn.ulation for the vibrations of plane framse and trusses
49 (ian 8. 19/8) 11 figs . 5 r”fs with inclined members including both axial and trlnaverw

vibrations is presented. The vibr ations of two - and thrse-
Key Words: Ducts , Noise reductio n, Acoustic absorption ben frames with various end conditions are studied. With the
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P.nderness ratio as a parameter , the frequency spectra with 78-1 307
respect to the angle of inclination , a. of the side ba rs are Acoustic Resonances in Passages Containing Banka
depicted along with some typical normal modes , of Heat Exchanger Tubes

A . Parker
Dept . of Mach . Engrg,, Univ . College of Sviansea ,

LINKAGES Singleton Park , Swansea SA2 8PP, Wales , J Sound
Vib., 57 (2) . pp 245-260 (Mar 22 , 1978) 4 figs .
2 tab les , 4 refs

78-1305
Research on Dynamics of Four-Bar Linkage with Key Words: Acoustic resona nce , Tubes , Heat exchan gers .
Clearances at Turning Pairs (let Report. General Ducts
Theory Using Cont inuous Contact Model)
I Furuhashi , N Morita , and M. Matsuura It is shown experimentally that the presence of the tubes

Faculty of Engrg , Shizuoka Univ , Hamarna tsu , in a heat exchanger reduces the effective speed of sound in
planes normal to the axes of the tubes. The effective speeds

Japan. Bull. JSME , 2.1 (153), r r  518-523 (Mar are used to analyze the possible resonant acoustic modes of
1978) 3 f igs, 9 re ts a rectangular duct containing a tube bank filling a section

in the center of the duct. Experimental res ults confirm the

Kay Words: Four bar mechanisms , Clearance effects modes and the predicted frequencies.

This report describes the general theory of dynamics of
four-bar linkag, with clearances at all turning pairs, usihg
a continuous contact model, based on the assumptions that 78 1308
the pin is alwa ys in contact with the socket in each pair. Theoretical Studies of Interna l Flow-Induced In-
Dynamic motion of the linkage is analytically treated. and stabilities of Cantilever Pipes
four coupled differential equations for the contact ang les L K Shayo and C H. Ellen
and one di fferential equation for the input torque are pre- Dept. of Mathematics . Imperial College of Science
senSed, According to the present theory, the forces acting
at the joints are derivad . and Tech ., London SW7 28Z , (2K , 2 , Sound Vib.,

56 (4), pp 463-474 (Feb 22 , 1978) 2 figs , 1 table ,
11 nets

MEMBRANES , FILMS. AND WEBS
tAisru see No 1331) 

Key Words: Shells . Cantilever beams, Pipes (tubes), Fluid-
induced excitation

A theoretical analysis is made of the stability of a circular
7H~1306 crosa~section cantilever pipe containing an incompressible ,

The Sound of a Suddenl y Tensioned Membrane invi scid fluid flowing uniformly and steadily in the axial

A Dow ling direction, Beam and shell mode instabilities are examined.
The stu dy is based on the idea of obtaining a simple ap-

Dept of Enqrq , Univ . of Cam bridge , Cambridge proxima tion for the fluid pressure and determining the
CB2 1 PZ , U K , J - Sound Vmb . , 57 (2), PP 281 298 importance of the do wnstream fluid behavior ,
(Mar 22 , 1978) 7 figs , 9 nets

Ky Words: Nomse generation , Membranes, Fl.xur & vibra- PLATES AND SHELLS
non , Supersonic frequencies , Rotary presses (Also see Nos. 1321 , 1 329)

Th. sound produced by suddenl y tugging one end of an
elastic sheet is investigated . The elastic equations of motion
ar, solved within the membrane in the limit where fluid
loading may be neglected. It is found that if the membrane 78-1309
is paper a tension wave travels supersonmc slly through the Transverse Vibrations of Viecoelastic Shallow Sheila
sheet. J Mazun’mdar and D, Buccmi

Dept of App) . Mathematics , The Univ . of Adelaide ,
PIPES AND TUBES Adelaid e , South Australia 500 1 , J. Sound Vib.,

(Also see No 1321) 57 (3), pp 323-331 (Apr 8, 1978) 3 figs , 14 refs
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K m•y Wi ,m ‘ Is SSm, ii s , I i m  m m .,i I ,m aiim,,, ’, - V u~u. mmm i ,,Siui. pm op sug m ui I u_ance of this instability rnech~ni * umm -

i t u tu u ms

A m u m , - t i m  iii 1mm ’  11m m ’  tu im ,e hus!u,ry u,f uulOtio fl of sh~i lmu w ‘,t mm ’ i k

m l m s, oelas tu, . h ut , ! mat uuu m i , m am buttery tuimie depi’mmdimnt 78— I 31 2
Im.i ’ isverW an 5 presem ut ief . Th~ inethm,mJ is based upon iht Studies on ‘im ibrati oss of Some Kib-Sliffested (j .ttt i-
u: ui muu :Fp t of msn m - aumii.>l uiuule contour lines on the surface of the lever Plates
the i i It is sh,uwrm Oat  the time behavior can be found by

M N Ifa t m u Rae , I’. ( ) m J rm p~w,iI! my , M V .  H,,mu , u imm J
us im ml tt u u - f r m i  jim - mm -y oI I rae vibu at ion of the associated elastic

‘-, . Pa v i t f i t , i m m‘,t ,m iiIo w shell. A5 an m li ustrat i uu mu of the tmm m;hn iq ue . the problem
i,l a st ia l liu w u lui rm u m , upon aru ellu t u tic base us discussed, all ‘~t m j m .t oral  ~~.ii,m i m im ’ , I)iv - Na t um m’ mjl A m, r ( m r l ,u mJt I m .,at Ld8 -
d et a i ls of which aiim explained by graphs. Banqaloru’ - 1u(-iOO l 7 , India , .1 ‘ ,m m ind V ib - 57 (‘il ,

i m P 389 402 (Apr 8, 1~l78l 1’) I,qs , 6 ta bles , 6 i f s

78-1311 ) Key Word s : Cantilever plates , Stiff ened plates , Resonant

\atisr al I’ rm’qo elii -iioi of Cy lind rical Shells and Panels fr equencies , Mode shapes

us acuua ii and in a Fluid An experimental study was carried out to determine the
M . I’~ Au i’.ifli~ resonant mode shopes and f requencies of some mmb-s t iff ened
Nip ‘‘ it  I’m ,‘,m - m ( ,i’rtu .ut ,i m mm un I )iv - Habcock & Wil cox , skew cantilever plates by hologr aphic m nterferom etry . The
Lyrim:hL: m m m l ,  VA 245U!~ , I. Sound V ib., 57 (3), PP influences of varying the sweep bac k angle , the m mb stiffness

1 388 (Apr 8, 19/8) 7 I m l ’ -,, 8 t , i l m l m: s , 10 re fs  and the aspect ratio, and the effect of varying the bou ndary
conditions at the root chord , on the frequencies and mode
shapes were also investig ated. Results of the above unvestu-

Key W o mu ts.  Cy lu im mIn m cal shells , Panels , Natural frequencies gation end also those of a compara t ive study with the finite
element solution obtain ed for tome of the cases studied

A unified for m ula for est imating the natural fr equencies of are present ed and discussed
curcul ..m cylindrical sli~lls and panels in vacuum as wall as *

em a fluid us pr im se nt ed . Bouru dary conditions considered in
d ude both ~urruiii mm s iptuoutad and clamped. In the tatter case.
tables of constants are included to facilitate applicati on of 78-1313
t he formula. Fx t e mi siu , n of the niet lmo d to estimate th e fre- Oss the Non-Linear Vibrations of Rec t angular Plates
quenciims of a system of cylindrical shells coupled by f l u i d G. Prathap and 1K. Varadangaps is also discussed , The methodology is partic ula m l y
suitable for digita l computer implementation. l ) m pt .  of Aeronautics , Indian Inst. of Timch ., Madras

600036, India, J. ~)iulind Vjb ,, h6 (4), ~ri 521 530
(Feb 22 , 1978) ~3 figs , 1 tab lm , 22 m efs

78 -131 1 Key Words: Rectangular plates , Nonlinea r response, ModeI) yss as nw Instabilit y its Cy lindrical Sh ells shapes
Fl Fl Hamlwati and .1 ( m  nm
¶ ;m .hipil ml Much - I ii mjm m ~ , Pm urdmim ~ Utu tv ., West Lafay - A solution , based on a one~term mode shape , for the large
i t t i : , IN 41901, .1 . ¶,omind Vib . , 56 (3) 

~~ 373 . amplitude vibrations of a rectangular orth otropic plate ,

382 II eli 8, 19/8) 8 figs , 9 r i mt .s simply supported on all edges or clamped on all edges for
movable and immov able in-plane conditions , is found by
using an averaging technique that helps to satisfy the in-

Key W oui t s Cylindrical shells , Harmonic excitation plane boundary conditions. This averaging technique for
satisfying the immovable mm-plane conditions caru be used

The stabil i ty of th im steady state response of simply sup- to resolve many anisotropic and skew plate problems where
ported circular cy lmnd e rs sub lected to harmonic excitation otherwise , when a stress function us used, the integration of
is mnuves t iqatwl by using variational equations reduced from the u and v equati ons becomes difficu lt , if not impossible.
“ mms a c t ” nonlinear modal equations. The inertia of the The results obtained herein are compared with those avail~unperturbed vibr ation motion is included as well as th e able in the literature for th u isotropic case.
non.Iuni,anities in the steady state reson ant response. The
mu xi s te ni ;m , of a new mechanism of parametric excitation is
pred icted and the conditions by which it deve lops are dis-
cus sed. Unstable regions are established on fr equency re- 78-1314sooner plots for different shell geometries. Numerica l integra-

On the Effect of Different Edge Flexibility Coef.non results for unstable conditions indicate considerable
iverload unq of the structure and underline th. pract Ical f icients on Transverse Vibra liona of Thin . Kectan-
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guhar Plates each bounding curve is written as a truncated Fourier series.
P A A Laura , L F Luisoni , and G. F lccadentl The supp ort conditions , which are written in terms of a per-

Inst of App) Mechanics , 8111 Base Naval Puerto turbation series of the modes of a circular annu lus , are
satisfied on the approximate boundaries, The approxim ate

Belgrano , Argentina , J . Sound Vib ,,  
~] 

(
~~ ~~ characteristic equati on (either first or second-order approxi-

340 (Apr 8, 1978) 6 fIgs , 3 tables , 8 refs mations) is obtained from satisfaction of the supp ort condi-
tions and the fundamental frequency determined as the first

Key Words Rectangular plates , Flexural vibrations root to this characteri stic equation. Approximate frequencies
of the fundamental mode of a clam ped elliptical plate , square

To solve problems of transverse vibration of thin, rectangular plate with a cir cular cutout and en eccentric annulus are
plates w ith differ ent edge flexibility coefficients polynomial determined to demonstrate the seco nd -order approximation ,

co-ordinate functions are u sed which identically satisfy the In addition , the first -order approximation to the fundamental
boundary conditions. It is shown that by a proper combine- mode of an eccentric annu lus us obtained.
non of th , polynomials several modes of vibrations can be
analyzed with a minimum amount of labor. A variational
formulation us used to generate the fr equency equation.

78-1317
Free Vibrat ion Analysis of the Comp letely Free
Rectangular Plate by the Method of Superposition

78-1315 D.J. Gorman
Analysis of Vibration of Clamped Square Plates Dept. of Mech. Engrg., Univ . of Ottawa , Ottawa ,
by the Raylei gh-Ritz Method with Asymptotic Canada , J. Sound Vib., 57 (3), pp 437-447 (Apr 8,
Solutions From a Modif ied Bolotm Method 1978) 9 figs , 4 tables , 4 refs
K . V itayakumar and G K . Ramaiah
Dept of Aeronautica l Engrg , Indian Inst. of Science ,

Key Words: Rectangular plates , Free vibra t ion , Method of
Ranqalore 560012 , India , J. Sound Vib., 56 (1), superposition
pp 127 135 (Jan 8. 1978) 2 tables , 25 refs

In a new approach to free vibration analysis of the corn-

Key Words: Plates , Flexural vibration , Rayleigh- Ritz meth- plet ely free rectangular plate by using the method of super-

od, Bolotun method position , it is shown that solutions which satisfy identically
the differential equation and which satisfy the boundary

Estimates of fl exural fr equencies of clamped square plates con ditions with any desired degree of accuracy are obtained .
are initially obtained by the modified Bolotin ’s method. The Eigenvalues of four digit accuracy are provided for a wide

mode shapes mn “ each direction ” are then determined and the range of plate aspect ratios and modal shapes. Exact delinea-

product functions of these mode shapes are used as admis- tion is made between the three families of modes wh ich are

tibia function, in the Rayleigh-Ritz method, The data for the characteristic of this plate vibration problem. Accurate moael

first twenty eigenvslues in each of the three (four) symmetric shapes are provid ed for the response of completely free

groups obtained by the Bo lotin , Rayleigh , and Rayleigh ’ square pl ates ,

Rit z methods are reported here.

78-1318
Surface Reuponse Due to Harmonic Vibration of a

78- 13 16 R~ id Disc on an Elastic Half-Space
Fst inatioss of Fundamental Frequency of Non- A. Karbassioun and J.D. Richardson
Circulu Plates with Free, Circular Cutouts School of Engrg. and Appi. Sciences , Univ . of Sussex ,
F l~ F ~i~ t i p  and F .G . Hrmmmig Brighton BN1 901, U K , J. Sound Vib ., 56 (3),
Dept of Mech and Engrg. Systems , AIr Force Inst. pp 363-372 (Feb 8, 1978) 1 fig, 5 tables , 13 refs
of tech , Wrig ht-Patterson AFB , OH 45433, J. Sound
V ib - 56 (2). P1’ 155.165 (Jan 22 , 1978) 6 figs , 15 Key Words: Discs . Elastic properties , Half-space, Harmonic
m i-fs excitation

Key Words ; Plates . Hole-containing media , Fundamental The harmonic vibration of a rigid disc on an elas tic haIf- ipace
frequency is consid ered . An exact analysis is u sed to calculate the sun-

face response at various dist.nc., from the disc and over a
A method of obtaining approximate fundam ental fr.qu.nciss wide rang, of frequency . Detailed results are g iven for eech
of s1i~ tt Iy non-ci rcular plates with free circular cutouts is of th, four modes of vibr eti on , and comparis on is made with
developed. An approximate expnessior. for th , radius of existin g work . In particular it is noted that the results for
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the hi ,u inn tai tr .ur iOd tuor i U or Ii’ ~j r u’ r i , i -  only acr :urate t esult~ ST R UCTU RAL
at present available, and I hat I hi, ox si nt nursu Its for the ton
Siori ii r u e , curm ir uteil from r hi’ exact r iri~uiry of Heissnur r and
Sawuc i . are ii err or This i.u i ten tuount us confirmed by a
ni.’cirm piitai uni n nìI Heosner and Sagoci’ s SO Iu t iO ru S with ex-
~~‘ii,’,it au)nirerneni ol)ta,ni,’j betweiun these ri u - uli ~ and those 78-1321
rut the ur .’retut win hght Node ~last ici t y i’mite iicisii~tit for Str eax

Vibration and Bucklin g l’rob he ms
M.H. lr ~ a rr

RINGS Ph U I Fifl’,i~~, u n i v .  of ‘i , jt l inr t i  (_ ,,lilur r i d  ( 19/1 )
Avail Mic ri ..qrar.iliics ho u r , D~~f i i~r iy  I iI r, i iy, ( i ,(

I o’, An jo les , CA 90007
78.1319
Ms’are,re,su-nt of l)ynansic Cutting F over Coef1icient ~ 

Key Words: Shells , Beam s. Plat es , Finite element t oc hri i ,uuc ,

S (, ii:l Elast icity theory

Ph Ii . I fi u : ,i:, C1i.M,i~,tor ~Jci iv ((.~~i .-r i la) ( 1 9 / i )- A r lane stresS , plane strain and br.rdy of revolution eight
nude f i n i te element was developed tnt determine the str ess ,

Key Words. Mi’tat wo rking, Cutting, 1) y ns n u uc respons e vibration and the buckling of beam , circular plates , and
thick and thin cy lindr icd l , co iiucai srid hyperbolnidal she ik .

Thur dyruamuc behavior of rr ieta i cutti ng process u s invos t - ar’d other complex structures. A computer prograrni was

got ed by measuring the various components of dynamic written to obtain resultS with thus ittement . Numerical results
cuttunuj force. For the complete description of dynamics of obtained were in excellent agreement with the classuc~ui
metal cutting ii is ruircessary to ‘j ive ought cornponurnts belong - results . Seam vibration prot,lems.which consider the eff ects
ini~ to th e resultant dynamic cutting force in an orthogonal of a bur iud uruq moment we,” solved using the developed ia,
cutting pncrs. irss. An expeuimer,ta l tech n ique termed as lii, rici ty thøory This eff ec t cann ot be considered wi n timiii,-
Double Modulatuon Method has been developed to measu’e beam theory.
the above eight coefficients for various cutting conditions
i i i  Mi~ mt feed , fren~urtntCy . tool wean arss.t uwort~ piiSte ma-
ter ua ls . I he rre t  h ru us based or, iii I -i ~ Fourier I rans f or ru
rut th e measur ed si g nals of dyn amic cu tti n i ’ , forces and tool 78-1322
wont piec e re lat ive nlispl ii.u,urii ui n ( oii tri but iot , r,I a Floor Sysfi’.ii to tliu ’ Dynainir-

Clt anac leriti t ies oã It/C Buildings
L .J .

SPRINGS l’ft .I) I i ’ ’ ~~i : , Univ il Cdlif urn la , Ifonl ulny, 2’JU i i

H f / i , )
U M  111 (,i ~

78- I .t20
Nonlinear ~ ave Prois a~at iusn us i( i-Ii,-al SprlsI~ i. by ~~~ Wnrds; Stnffni ,ss me(tiuiul- ., M~tnix nnethnt.ts l-I,,u uts ,

the Method of (.harar ’ Ier ixf irs and I” is ,ite F,letsirnt Muitus t i ury buutdirg; s

Meth od -A pror.t ucat, ir’ and ‘;,, If i’ . i-n n y  accu rain st i f f  ru n ’ss matrix
I ,in,li,j method for ‘ ,st i in i . iu ,n it  the unit . f ,ution of a fioor s j s tu l r

F t  I i - , - . I )niv i,f I f l i r uo il I J n f i . i r i — j  (. ii . irri l ,,i l In , to tb.. r,vuurat i ,‘i,us! iu. st i f fne s s ol monneru t ru ,,istiu,,j spa,.u’

1 - ii (1 ¶~ I i )  m onies is luisi,ici1 .i’d hi, I ioi,,u system r,nsude, ed ,.,,ni sistu.’u

I ~~ ~~~ i i u i~ 
of a two way reun ’oi r;r-iI concrete s t alu s U r ) t uo r t i - ’ t  i r y  i,,~ u uu i i ,
lii ,nweeur thu , colum ns.

1< ey Wr~n u s  ; I Id cal spnin u rj s, lrn up.ic I ri-s i ii,nse (m echan ical) ,
t”donl i in-ar ni’s4 i irri -,r- . SIrra. I’ W i lVi  ~uropagar i i i , Method ‘,f
il. u - u i r u - I  ti ll,’,, ui , i t i .  ,‘ i,-nrr i,r r iu’u .hr.ui ~ui’ 71t—i :~2:~

F ff rct ol Kirasss Stren gth ant i Stiftncirs os. I)ynansic
Thu, a i,blpr uu cr,nsiilererf us thai of a h ut  ,u .~ i spr nq which is . - 

. 
- -hleha v.o i iii Reinfor ced Concr ete (.ounlc d ~~allsfixed .u I u )r u i u end arid imtuacterj at iii., other end with suf

t ii . iu ’ nur velocity so as Iii cause conta ct between the coils. M t.yba.~

~~ t u ro blem has been solved I’y two difl uu rui nt methods Ph ) I Fir::,,~,, lJniiu, if  I l l i i  ~~i . , a n  - .trh tjr . ( hilni, .j I fl
vu, , th e m neth ,,ul i t char ecte.rueti cs unit thu finite elem ent F/I p (j 1f 7 7)
method. I V  / i~p1p/i
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Key Words: Walls , Beai ns s , Reinforc ed concrete . S.isuiuu The thri.,i ,u~ of Jackso n, Var , and Junger for the prediction
response , Hysteretic damping III insertion ion were test ed experimentally end results

Were compared .
Earthquake simulation studie s on rei nforc urr f u o i u i u i - n -  rvdll i
are described . The earthquake loadiu uq was of • mnrag nit uuiie
s uffici ent to cause yielding i i t  the test st rUc ruu ,- ,  II,,. ,t i ìnu tdl Al RCRAFT
acceleration and di sp lacement s of the test 511 UCt UtitS 51 (A I- ,~ scm’ 1.1 , 122 3 )
several levels were measu red . A similar teat sn nir u lure w as
sublected to slowly appli ed cyclic lateral Iuadumug . pro.iu’.ing

yielding n both dure enu inu ’. L4uu,ral load arud ‘Jun11 ” , iOn in
the form of load -defl ection , tuy~ti’ uus,s ,.‘ la nions we re  ob- 78-1326
ta m ed. Variables in the experimental program w’ura su i cmn i mb  I)rag LI li- i -Is on Wing Flutter
and stiffness of the connecting beams l’ u addition , hys t e r esui i\ ‘~ arid H Asf . I ’ ’y
relations b r  the structure undei both uypes ci f loading were - . - -

1 )1 , 1,?  ii) /~‘uronauI cs and As ? rtj rtij ut ics Stanford
investigated analytically. -lJ riiv - ~,t at i lcir uJ . CA , Rept. No. AFOSR -T F1-77

U.~~h. li i; M.Jy 23 , 1915)
AL A049 373/4GA

78-1324
Dynamic Buckling of Axiirry susswtr ic Sphene-al Caps Key Words - Aircraft wing, Flutter
with Initial Imperfect ions
R Kao and N. P~r rur i u~ Using the large- a spect-ratio , cantileve r wing as a model, the
Sc.hool of 1 rii~rq arid Appi . Sciu,rn i ’ , I ,oor qe Wa~hirirj question is addressed as to whether fot c es to drag type may

ton I j~ gu,~ , Wash iniqt’ n D c . 41 pp I I  ~ 1977) have a significant influence on dynamic aeroe lastic stabi l i t y.

c - The elementary example of an elastically suspended typical
AD A048 844/j GA section airfoil with constant drag and quasisteody airloads

us analyzed Extensive flutter celcul etions then are carried
Key Words: Cape (supports). Initial imperfectio ns effe s ts , Out through numerical solution of the integral equations
Dynamic buckling for a uniform wing with distributed properties in bending

and tors ion ,
Dynamic buckling loads are obtained for ax isymmetr iC
s pherical cape with initi al imperfections. Two types of
loadi ng are considered , namely, step loading of infinite
dur stion and righ t triangular pulse . 78-l327

Effects of Structural Non-Linearit ies on Aircraft
V ibration and Flutter
E . Breitbach

S YSTEMS AGARD , i’ar is , Frar i io , Repi . No. A GARD R - 66U ,
ISBN-92 035 12/U 7 , 1/ PP (Jan 1978)
N 78-11076

NOISE REDUCTION Key Words: Aircraft vibrati o rt , Flutter , Nonlinear theories

(Also ‘ir- i- Mr, 1 352)
The physical sources of various types of nonlunearities were
examined and their influence on the different parts of the
f lutter clearance prnc ess was investigated. Methods which
permit quantitative solutions of nonlinear aeroelastuc prob-

78-1325 lame were also surveyed.
Three Methods fot Predicting the Insertion Loss of
Close-Fitting Acoustical Enelo~ures
L W Tweed and 0 0 Tr ur i : 78-1328
F int A llis , 3000 S 6t h St., Sprin9iieH , IL 62/10, Dynamic Analysis of an In-Flight Refuel ing Sy i.tu-ss i
Ni,i’,c’ Ci m i l n o (  Enqr , 10 (1 , l~l) 

/4 19 )Mar/Apn _~ E ichler
1978) 5 f i r , , 9 r o t s Ben Guj rion Univ ~ f the NuI’(mrv , Israel , J. Air .raf t ,

15 (5), PP 311318 (May 1978) 7 I INS , 1 lil Ies ,
Key Word e Enclosures , Sound transm i ssion loss , Noise ‘3 ri”fsreduction -
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Key Words: Aircraft wings, Wing stores, Storage tanks , bridges; and an engineer ’s approach no dynamic as pects of
Fuel atorage bridge desi gn.

A dynamic analysis was performed r)ui an in-flight refueling
system. This system has twin refueling pods set far out
on the wings. Consequently, the effects of wing vibration 78.1331
and vortex become important , together with the usu al Brid ge Vibration Studies
disturb ance of vertical wind gust s . The paper pres ents the A Shahabacj iderivation and solution of the nonlinear parti al differential -

equations. [‘hO .  Thesis , Purdue Univ., 2U2 pp ( 1977)
UM /8032)12

Key Words; Bridges , Traftic induced vibrations , HumanBIOENGINEERING response

The objective of thus invettig ustuon was to study the vibration
78.1329 of highway bridges due to moving vehicles and the effect

- , . of vibrations on bridge users, In order to establish a criterionAxiaysssmetnc Vibration of Iluissa n Skull’Bram . . -for human response to vibra tion , available literature on
System human response to vibration was reviewed , Since the primary
J.C. Misra vibration of girder bridges is in the vertical direction , the
Dept. of Mathematics , Indians Inst . of Tech ., V har iij effect of vertica l vibrotion lfoot to head direction) on the
por 721 302, India , Ing. Arch ., 47 (‘1), ~~ 1119  human body was studied .
(1978) 10 figs . 11 refs

Key Words: Bioeng ineering , Heed (anatomy) , Spherica l 78.1332
shells, Ax isymmetric vibrations Nonlinear So il-Structur e Interactiot i of Skew High.

way Brid gesVibrations of the human head modeled as a prolate sp her- -
oidal shell are consider ed. The shell is assumed to be made M. (~h’n arid I . Penii or i

of a linear viscoelastic solid containing a viscoelattic fluid ) ..j rthqi;u~o Lnij rq Res Conter , Cal ifor r i ,a Uuiiv ,,
representing the brain. Steady-state response of human- Richm ond , CA., Hept . No. UCI3/ LERC-7 1/24 ,
sized skull’brain system due to an axisymmetric load is 127 pp (Au )  1977)
analyzed, The effect of the eccentricity of the shell on its P0 - 276 1 76/OGAstiffness us found to be quite significant.

Key Words: Interaction , soil-structure , Bridges , Seismic
excitation , Mathematical models , Computer programs

BRIDGES
Presented in this report is a study of the behavior of short ,
skew highway bridges interecti rtg with their surrounding
soils during strong motion earthquakes. The fur sn part of the78.1330 study defines a three-dimensional , nonlinear mathematical

Sympossuin on Dynamic Behaviour of Bridgee model for the complete bridge-soil system while the second
Transport and Road Research Lab., Crowihorne , part develops the associated computer program for carrying
UK . Rept , Nu T RRLSUPPLEMENTA RY 275 , 122 out tims-history dynamic response analysis.
pp ( 1977)
P8-276 67 1/5GA

BUILDING
Key Words: Bridges , Vibration damping, Wind induced
excitation

The damping of highway bridges was reviewed at thu ’ sym 78.1333
poaium , The following topics were discussed ; mech anism Stud ies on the Seism ic l)esign of Low-Rise Steel
damping; damping; damptng measurements on s teel and lluiidin scomposite bridgss; dynamic n ursponse of bridg e supe rstruc-
tur es; dynamic res ponse to traffic and wind ; correl ation of ~,,j Montqornery and W .J . Hall
cslcu l.ted and measured dynamic behavior of brid ges; Dept ut Clvii Enqrq., Ill inr ’,lS Univ . at Urbana-Cham-
delIgn criteria and analysis for dynamic loading of foot- Paicin , I i  Rept N SF 13 442 , UlI .U [ NG-77
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201) . N’,l l ilA / 1 1 1 1 1 0 , 181 Pt’ (July 1 1 / I )  b u i lu lm nug code approach modified to expli citl y take inelastic

I~b 2 /h 1-i i/JGA 
biuhaviut in to account , were evalua ted for use in calculating

response quantities . In the last section of the dissertation .
the applic ation of the res ults of these studies to the practical

Key Words. Build ing ,. . Earthquake resistant s tru ctur ius, design of Iow ’r ise stee l buildings is discussed- A simplified

Seismic design design procedur e that us in part si m ilar to the quasi-static
building cod o approach presently recomm ended by the

Ii,- seism ic ,jnia i ys u s auiui umart l iquake res istant desuijti of Applied Technology Council lii study is duscutsed.
st iuel k ,w - m isur shear bui lduu ugs , mo ineis t frame buildings , and
X -buiu’ ,.ui frame buildings are studie d A number of two-
Jiuti th ree-story buildings were ilrmsugned according to the

i er. ,rnnnnerudat ion s of rnoderui buuidiuii1 codes. 7)f4 336
Seissss ic Slsearms and Overturning Moisse ist a in Buildings

Ii Smilowit’

78— 1334 Phi 1.1 l I t - i’ ,, l ir i iv ii) Illinois i t  I i rtja i i , j  Clia irip aiqr .

A Stud y of t he A pparent (ii azsge i i i  (lie Foundation 14 / P1’ ( iN / I)

Response of a Nine.Story Kcnsfo rt’ ed Cosse rete UM /0041 6 1

Budding
[) /~ I iu i t l i  Ii irid P C Jen n ings Key Words: Buildings , Beams , Seismic design , Parametric

Hu ll ~ei’, 7 uI ~,i,i . At r ,i :r , ~~~~ ( 1 ) ,  ) i ))  2 1- i  ‘I’l ( F eli response , Modal an alysis

19/0 ) / Ii i j~ , 8 ii i’ , -In this study a procedure is pre sented for r ietermuning the
desigru dust, ibutuon of story shears and overturning moments

Key Wiinils Multu s t o ty buildi ngs . He”’ ‘orcuol concrete . ri buildings sub1c’cted to strong ground motions , with part:”

t artliuiuaki: damage ular em phasi s in tall buildings A parameter study was con
du ct ud and modal anal yses were perfor med to determine

The purp ose of this study is to exa m ine the indicatio n that the influence of the following variables on the most pro b-

the foundation respo nse u, f the st u urtu i i r  rosy have changed able res ponse to earth quake excitatio n at various levels

because of the earth quake. To determine whether t he ob- in a building, Sets of acceleration distr ibutions and base

s mm rv u- u I clu i m i uj ,- ’ .  in foun nj atuo ni ru-spo nse are co nssi st e nt with values are preser sted for calcu lating separately story shears
the change mu natural pm r io d , two analytica l models of the et ud Overturning mome n ts over s him height of the b uulniuuu ’j

Mi ll ik an u L ibrary building were developed. Both of t hese Statistical comparisons ~f the various co nditions are n-re-
ru i r,u I I ’ .  in, turin ’ I hr uuf lu-i r ‘, of t ,, ijn d um t ion con upl iance and sen temi in a- ui’’. si t u , fornnat f on use ri the pnu’ l inn nary i’r u,

otu e iruc lur tes t fu m ’ n’i lu- u u’ . ‘il siuimei u nlefoi nuua t uon~ ins t fu u walls po rt iou i tog of structuu ,.I members.

‘ut tf ,u’ sit uict urn’ T hi’ results of I lie~e suniplur ,.uuua l y su~s show

the chan ges i i uuu odru shape au ii i period o bsiu rved betwee n
Ii’ two tests to be c u, uss is r i:n t.

CONSTRUCTION

78 I33~ - , - , 7~3.l .337
“ Indies nit the Su’i me ,,im - Desigsi of Low-Kiss’ Steel

I)yniusiw Ilelssvioi ci a m aul l ifted Im’u a Mobil e
Itu:ld ng~ 

‘I’ ,~~ ~ 
( uiss ti -ucf los t - f y pur Crane (4th It u-purt . ‘I lie Stud y
nit Itusoiui Hois t Slou ch , m’ I.’ ,)

Ph 1) I b ui ,~~, i j t u i y  ii II l it i ’~ ’ , ii I I i l , u r i , i  (,h, l r i i l ,u i i lu l
H it ’i , s’ y ’ iii j .u , arid II I ij 1imnot i ,

lij u I’;~ 
( iN//)

J ivi /BO4ONIi l”.usb’r ~,tu: i : I  I_ ti] , f,~~,, , i i , , .JdIj , m u i , l u ll i ’ ,)~1I -

) i ~4 )  pp h u H  h O)] (A pt iN/H) lu lu-i’,, I

Kn ’y Wnn ui~ Buildings, ~u,isu i u u ’ u iu -su Jfl , Comiu-s fsta nmla i ‘I. 
. mm

Ibis l isa t , i t i O iu  Iuni-5. ,n’ . suuu i lu i : ’, i ,  the sr ’ isuui ir im ’ia l ysi- P :y W .,u i-. i u u,,s u . Cr an es lho i~tsl

an, I u’arrhquak e resi st ant des iqr , of i i ’- ,  i low n,,i ’ ,h’’or builu I
u ,u uu uu i , -nu t  attn, buuiil,n’t’ .. i i i ’S X l,u,,u.u’ ,l t m , i imSP l~iiiIiliruq’. linus I - u i ’- ’ irm al , aut h the t,uu havii~r of a load i l i ad Luy a

In the I utt port ion o i t he study, a r iu .,r uuber ~ f two -u i’ I I hu ~ i’ nuu~ f ,ulu- - . u ,,u,m ‘ii,’ ,, q boom ho, s i in ,u
~, ,ju iii d un m u g  botm nO ino i it

‘.tory builrlirnqs Were ‘ l i ,s u ’1 u,’ ’ ui u.ui i,I ,u,ij Im i u him ,mucoiiimnenda uu,q .,,,iI l, ,wi ,u im , ’i wtu i,.h .,uu , iIx u’r ,j n u,ui at the sanne I mn,,-

muo n s of modern buildu nq cod es It’ ,uu l ,lutu u) n , t~~ s si m pler I he equatiou is ci$ motion are give n in n i , ’  form of Lagrange ’ s

methods u t  analysis, the nruuudal rnentiu,,i uusu’d i n i.on)Uuui u .,t u at uuu n , and the solutions are obtained by Hutsgu ’ Kutta-

lion , with uui elast iu: n ..spouuw ~s ectr a aruul ni , ’ quash St an mu. (‘,u t l  mel t,, iu I In cur pu r r men Is the rope tu ’nss son was measunu’d
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with load ce lls , aur d displacemen uts of the load and the boom HUMAN
point were measured with cameras and sound-wave lA l~o -a ’ ’  Nu 1 33 11

p 78-1340
‘l’he Pred iction of Passenger Riding Com fo rt fromFOUNDATIONS AND EARTH
Acceleratio n I)ata
( , C Sm ith , D Y  Mc ’,:l~m ’ m: and A J  He-aley
Dept of Meuh, I rigrq - The Univ of Texas at Austin ,
Ti , J. Dyn . Syst . Mu~,~’ and Control , Trans /~% M F78.1338 100 ( 1 ) ,  pp 3441 (M ,i r  1978) 5 figs , 3 tdfiles , S netsNormal Modes of a Laterally Heferogeneous Body: — - -

A One.l)imensio nal Examp le
Key Words’ Ride dynamics , Human response

R J , I m + l l ~ t arid S. Stein
Dm~pr of Gc’uphysn.s, 3lar i t ,rd Univ - CA 94305 , Various methods ton evaluating ride quality in automobiles
Bu l l , Seismol . Soc , A m e r  , 12,1 ( 1 ) ,  1) 11 10311 Lu ( f e b  are investigated by means of a field study involving two

1978 ) 3 figs , 22 ref s different automobiles , seventy-eight different passengers.
and eighteen dif ferent roadway se ctions , Passenger rating
panels were used to obtain subjective evaluation of the van-

Key Words. Normal modes , Earth models , Vari ational •
~ us rides , and rnieasured vibration spectra were examined on

methods , Rayleig h-Ritz methods the basis of various freque ncy Weighting techni ques to
determine their ability to predict the sublectuve ratings.

‘Iiucuoss~ meThods , including f irst ’  and second-order ~~ Included in the evaluation criteria considered are weighting
turbotmon theory and va ’ iat iona l methods have been pr oposed f unctions derived from the ISO lt ntennatuonal Standards
for calculating the normal modes of a laterally heterogeneous Organization) Standard , the UTACV lUrban Tracked Airearth , In this paper , three of these methods are tested for Cushion Vehicle ) Specificat ion , and the Absorbed Power
a simple one-dimensional example for Which the exact solu method of Lee and Pradko , Equations are presented to
tuon us ava i lable , an initially homogeneous “ string ” in which predict the subjective rid e rating from measured vibratio n
the de m usuty and stiffness are uncreased in one half and de-
creased rn the other by ectuum l amounts ,

78.134178-13:39
A Revie w of f lit ’ Effects of Vibratio n on VisualAnalyze Your Engine Foundations 
Acuity and Cont inuou s Manual Control. Part I :

W M ~
‘ aol f r r i , i r ir i  

Visual Acuit y
Puw m’ r , 122 (5), pp 68 / 1 (May 1 178) 6 figs

M,J. G r i l l  in and C.H . Lewis
Iri ’~1 of Sound and Vib. Hu’~ , Univ uf South am pton ,

Key Words: Eng ini. foundations , Soils . Natural frequencies 
~~utharnpton S09 SNH , UK . J . Souna Vib - 56 (3),

When the disturbing force in the engine or compresso r , pP 383413 (Feb 8 , 1978) 5 Iiqs , 65 r i I l s
say from prumary or secondary imbalance , us at the same
frequency as Shot of she combined foundation and soil Key Words’ Vibration ef fect s , Human res ponse
system , serious vibration occurs , The effect mil natural fre-
quency of soil in elastic systems comprising engine fo unda- This us the first part of a review of the effects of vibration
Oon and sLpporting soul and piling is present ed , The t m on vision and Continuous manual Control , In this part ex -
portance of designing foundations early in the pl anning penumental research into the effects on human vision of
stage us itressed , an” a typical prnblem us illustrated Ad- both object vibration and whole-body v ibn et ion is turn-
dutuonal problems , wh ic h’ might arise of ten the Uflit enters mani,ed . Krsowledge of the respective effects of vibration
nhm - service . .mr e considered , amon g them , problems arising vau isbles (principally amplitude , frequency and directionu
from Soil compaction amid m.im an i i ;u -s in conc , ’ -i , - foundation and visual task variables (such as illumination , size and
blocks caused by chem ical rearnior m and temperature , v iew ing distance) is discussed in separate sections

78.1342
HELICOPTERS A Review of the Effect s of Vibratio n on Visual

(Ste N’, ~~~~ Acuity and Continuous Manual ( ontrol. Part II:
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Coistimmusug \Iaisual Cont ‘uI 78-1344

C H Lev.’ :s and M J Gr i f f in Dynamic Characteristics of the Hydraulic Feed
Inst. of Sound and Vib , Res,, Univ , of Southa npton , System of ~uIachthe Tools (1st Report: Amp litude
Southar’-os n S09 5N H, UK , ~I , Sound V ib , 5r3 (3) and Period of Stiek .sl ip Osc illation)

pp 415 457 (Feb 8 , 1978) 11 figs . 91 refs 1. Teshima and Y , Ko m u r a
Faculty of Engrg., Fuk ui Univ ., Bunkyo-3 , Fukui ,

Key WOrds: Vibration effects , Human response Japan , Bull , J SM E , 21 (153), pp 463-470 (Mar
1978 ) 16 f igs, 12 refs

This second , and final part of a review of the effects of
a ibrat ion arm human performance is concerned with cco- Key Words: St ick-sl ip response, Machine tools
sinuous manual control , or tracking. As in the f i rs : part ,
which dealt with the effects of vibratio n on vision , the task The phenomenon of stick-slip oscil lations of the feed drives
and vibration variables which have been shown to affect of machine tools is an important problem in the designing
the sensitivity of a task to vibration are discussed separate ly. of a hydraulic feed system because of its low stiffness , The
Other sections are concerned with the measurement of basic equations of the slider motion on a machine tool
tracking perfnrmance in vibration environments , general guideway when some amount of air is included in the hy-
conclusions about the nature and mechanisms of the effects draulic system are set up, and so u ved numerically by Runge-
of vibration on track ing and the application of these con- Kutta-Gill method. The results obtained are compared to
clusions in the form of predictive models, The procedures experiments.
and results of most of the laboratory studies of vibration
and tracking performance are separately summarized in
tabular fornu in the Appendix as a convenient guide to the
relevant literature, PACKAGE

~8- l343 78-1345
Hand-A nts \ ibration. Part III: ‘\ Distributed Parame- Evaluation of Cushion Dynamic Prope rties by Em-
ter Dynamic Model o the Humm saii Hand-Arm System pedai’ice Measurements

L.A . Wa ~1 C W . Suggs , and C, F Abrarns , Jr EM .  Nassar
School of Mech and Industria ( Engrg., ‘1 to~ Univ . Ar ab Organi iation for Industria lization , Cairo ,
of New South ‘A-i l ’ us , P .O. Box 1 , Kensington , N.S.VV . Egyp t , J, Test EvaL , 6 (3(, pp 23i 236 (May 1978(
2033, Ar’stra ha , J, Sound Vib ., 57 (2 ), pp 157W 8 fi gs , 3 tables , 6 refs
1 69 ( Mar 22 . 1978 ) 10 f igs , 14 refs

Key Words: Packaging materials , Stiffness coeff icier~.
Key Words. Human hand, Vibration response , Mathematical Damping coefficients . Mechanical impedance
‘nodels , Beams

A method is proposed for the evaluation of cushions in
An anatomically analogous distributed parameter dynamic dynamic environments , With the mechanica l impedance
model of the human arm us proposed and quantitatively technique the cushion properties are determined in terms of
validated - Distributed m ass and stif fness pauameters have equivalent distrib utuons of stiffness , damping, and mass
been obtained by representung each long bone of tfue arm par ameters , Test results on a specific uumate nua l show that

as a fiexural beam . A distributed damping parameter em. ‘ these parameters may be considered of constant magnitude

introduced by allo wing the beam stiffness to be a complex within limited ranges of frequencies and input levels, The

quant i ty .  Hand properties were modeled as a lumped parame- equivalent cushion parameters are presented in dimension-

ten damped spring-mass system. Mechanical driving Doint less form as functions of the geometry and the input levels,
impedance techniques were used so ver i fy  the model,

PRESSURE VESSELS

ISOLATION
25 21 78-13 46

f’r~e % ibr ati n iss of Skirt Supported Pressure ‘t ‘sra I ’

‘ii it l’ .og ini n-ring A pp lii’at ioii of l’i.noshesi k o lln ’atui
‘l’lleOry

METAL WORKING AND FORMING M , ‘viflsOfl and M. El Menouty



Dept. of Civi l  Erigrg and Engrg. Mech ,, McMaster induced-draft applications, but forced -draft and primary-
Univ ., Hamilton , Ontario , Canada LBS 4L/ , J. Sound air fans are a lso considered.
Vib., 67 (3), pp 413-424 (Apr 8, 1978) 7 figs , 2
tables , 8 refs

78-1349
Key Words: Pressuua vessels, Timoshenko theory , Free Scale Model Performance l’est ing to Assess the
vibration Effect of a F oundatio n Tran sv erse Rock ing V ibratio n

Mode on Centrifugal Indust rial Fan Shaft sTimoshenko beam theory is applied to the study of the
G . R, Tomlinsonf ree vibrations of skirt supported pressure vessels in this

paper; such systems are used in the process and powe r Sturtevant Engrg. Products Ltd., L)enton , Manchester ,
generation industries as well as aboard nuclear powered UK , Scaling for Performance Prediction in Rotor-
vessels, dynamic Machines , Papers presented a~ the Cord .

held at the Univ of Stirling, 1977 , Simt 6-8, London’
Institution of Mechanica ( Engineers . 1977 , pp 41-44 ,

PUMPS, TURBINES , FAN S, 7 refs

COMPRESSORS
(Also see No. 1229 ) Key Words: Fans, Model testing, Vibration tests

Tests have been carried out on a scale modet , representing
the essentiaf features of a centrifugal fan sys tem and a low78-1347
tuned concrete foundation, The test results show the  effect

Noise Generated by Low Pressure Axial Flow Fans, of reducing the fan shaft natural frequency until .t approach-
111: Effects of Rotational Frequency, Blade l’hick- es the concrete foundation rocking mode natural frequency.
ness and Outer Blade Profile A factor of safety is derived which should prevent rough

T. Fukano , Y , Kodama , and V Takamatsu running of such a system due to any interaction between
the foundation and shaft amplitudes of vibration resultingFaculty of Engrg. 36 , Kyushu Univ ., Fukuoka , from the closeness of their respective natural frequenc iee,

Japan , J, Sound Vib - 56 (2), pp 261 -277 (Jan 22 , A theoretical model is also described which supports the
1978) 14 figs , 3 tables , 7 refs experimental esults,

Key Words: Fa ns, Noise generation

78-1350Experimental results for t h e effect s of fan notational fre-
quency and blade thickness at the trailing edge are described Flow Excited Vibrations in High-Pressure Turbines
and these results are compared with the theory it is shown (Steam Whirl)
that the outer profile of the blade has considerable effec ts E, Pol(man , H, Schwerdtfeger , and H . Termuehlen
on both noise and aerodynamic characteristics of fans: that Kraftwerk Union AG , Muelheim (Ruhr), West Ger-
is , impellers with blades swept forward are much super ior
to those with blades swept backward, m any, J. Engr . Power , Trans . ASME , 100 2~, pp

219-228 (Apr 1978) 13 figs , 2 tables, 32 rets

Key Words: Steam turbines , Fluid-induced excitation
78-1348
Fan Availability Threatened by Three Primary The following excitation mechanisms of nonsynchronous
Phenomena vibrations of hi gh speed turbine genera tors were investig ated:

The 1978 Electric Utility Generation Planbook , the gas bearing effect, Lornakin effect, Alford effect , spiral
flow affect , load dependent excitation (steam whirl) , materi alEdited by Power Magazine , pp 137-140 (1978) friction ,and others.

12 figs , 4 refs

Key Words: Fans , Failure analysis
RAIL

The most common reasons for unscheduled outages caused
by fans are bearing failure , erosion , and vibration , After a
brief discussion of each item , suggestions for fan operation 78 135 1
and maintenance are offered . Most comments are directed
toward the severest fan duty, that of gas recircu ist ion anci Power Spectral [)enóty for Constrained Long Wave-
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length C uideway Irnegulanit jes passenger compartment.

MB,  Krishna and 0. Hullender
Rockwoo( Indust ries , Inc., Belton , TX , J. Dyn .
Syst. Meas. and Control , Trans. ASM E , 100 ( 1), 78 1354
pp 18-23 (Mar 19781 9 f iqs , 10 rets The A pp lication of Isotropy in Road Surface Mod-

elling
Key Words: Guideways, Power spectra , Spectral energy K .M,A . Karnash and J.D. Robson
distribution Dept. of Mech , Engrg., Univ . u~ Glasgow , Glasgow

012 800 , UK , J , Sound Vib., 57 (1), pp 89-100
An equation for the power spectral density IPSO) of guide- —

way irregularities that have been constrained to lie within Mar 8, 1978) 6 figs , 8 refs
a designated bend is formulated. The equation enables
guideway designers to control the upper bound on the tong Key Words: Road roughness , Surface roughness , Isotropy,
wavelength portion ot the roughness PSO. The paper also Mathematical models
provides insight into the accuracy of two quasilinear model-
ing techniques for nonlinearities with random inputs. Road surface description forms the basis of vehicle response

prediction , but in most cases precise description of a par-
ticular road is of less value than a description representative
of a class of roads. In these circumstances an analytical

REACTORS road surface model has special advantages ~ In modeling
( Also see No 12591 e road surface — rather than a single road profile — the hy-

pothesis of isotropy is shown to provide a useful basis, and
the paper shows how a particular profile spectral density.

78-1352 together with the assumption of isotropy, can be used to
define an effective surface model. Coherence functions

Control of Steam % enting r\oise in Power Plants derived from the proposed model are validated by corn-
J. K . Floyd parison with coherencies based on measurement.
Pulsco Div , America n Air Filter Co. , Louisville , KY ,

I - J . Engr. Power , Trans. ASME , 100 (2), pp 369-
373 lAPr 1978) 10 figs , 2 tables , 7 refs ROTORS

lA lso see No. 12571
Key Words: Nuclear power plants , Noise reduction

Steam ventin g so atmosphere from piping system pressures
as high as 2500 psig, at may occur during safety valve and 78-1 355
power relief valve operation or during initial steam piping Calculatio n of Flexural Vibrations of Pr~iasting Mech-
clean uP. is one of the most intense sources of noise emitted anisms in Rotating Cylindrical Printing Machines
by fossil and nuclear power plants. This paper discusses (Berecisnung von Biegeschwingungen in Druck-
characteristics of sonic and turbulent vent noise,

werk en von Rollenrotationsmaschinen)
D. MUller
Maschinenbaotechnik , 26 ( 1 1 ) ,  pp 505-508 (Nov

ROAD 1977) 3 figs , 6 re f s
lAlso see Nos. 1224 , 1240 , 13401 ( In Gerr isrn (

Key Words: Flexural vibrations , Cylinders, Printing
78-1353
Finite Element Methods Reduce Interior \oise A linear continuous vibration model for the determination

Automot ive Enqineering (SAE( , 86 (5 ),  pp 32 - 37 of dynamic response of a cylindrical pri .lting mechanism

(May 1978) 5 figs is described. The conservative boundary value problem is
approximated using Galerkin method.

Key Words: Automobiles , Vi bration reduction , Finit e
element method

78-1356
Finite element methods are applied to evaluate the effect The A periodic Belsav iour of a Rigid Shaft in Short
of the lower frequency structu ral modes and the lower
frequency cavity acoustic modes on noise in the automobile Journal Bear ings
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A G  ll i i l i r i i :,  ( . M M (, t t l i rs . anti l W ,  Mayes machines characterized by overhung disks (or disks located
Merl i F riq rq - .t y j  ii , Ii n j  i t  i,il Ciii ‘qi: , Londun , u ~~ . close to one end of a bearing span) and/or high power end

load torque. This paper gives exact solutions to the nonlinearI n t l  .L Niirrii’r fvletl iods I nej i ,, 17 (4( ,  u n  Ei ’J~, ](i2
differential equations of motion for a rotor having both of

(1978) 5 Isis , 5 r n ’ , these characteristics and shows that high ratios of driving
torque to damping can produce noneynchro nou s whirling

Key Words: Shafts, Rotor-bearing systems, Periodic re- with destructively large amplitudes , Solutions are given for
sponse, Boundary value problems two cases: viscous load torque and damping, and load torque

and damping proportional to the second power of velocity
A study is presented of the symmetrical steady-state motion (aerodynamic case). Criteria are given for avoiding the tor-
of a rigid shaft supported by two ‘shor t ’ lOcvirk) journal quewliir l condition .
bearings , The equations of motion for a balanced or un-
balanced s haft were solved using numerical ‘initial value
problem ’ techniques. Frequency analysis , which was used
to determine the components of the steady-state motion , SELF-EXCITED
confirmed that , for most conditions, the motion was asymp-
totically periodic comprising a small number of components -
principally as synchronous and half synchronous frequency . 78-1359However , a region of the operating space was found, in which

Sell- Induced Vibratio ns by Thennal Stres sthe motion was complex and did not settle to a limit cycle.
An estimate of the extent of this region is given and the II M~iiJ ,jni i ini , :
suspected cause investiga ted. Faculty of fi nn ir q - U n i v . of t i~~ yo , Honrjo Bunkyo-

I u, lukyn , Lipani , Bull JSME , 21 (153), r i p  4 12
47 ’

~ (Mar 1978) 33 f i q ’ ., 8 r i n t ’ ,

78- 1357
lli ’aningless Tail Rotor lA,ads and Stabilit y Key Words. Wires , Beams , Thermal excitation , Self-excited

vibrationsW . 1’ , 1 dw ards m u  W . Mi~o
Hiii :inSI ‘lint inn i  Cu ,, Phi I,id -1 n (‘ i i i , PA . Rein - N i  A metal beam heated by the passage of an electric current
0210 11025 - 1 , IJSAAMBDL YB IC 16 , 289 PP IN 1 may begin so vibrate laterally under certain conditions, A
1977) horizontal wire heated by the current may also begin to
AC Pi(J49 i/ 11/l l ;A vibrate vertically. When a beam moves in one direction,

thp front surface is cooled more than the back surface, In
high frequency region , a phase lag is generat ed and the beck

Key Words. Rotors , Wind tunnel test s, Aerodynamic stabil- surface is cooled more. Hence , in lower frequency region.
ity the fundamental mode of cantilever at which the front part

is shrinking is induced. The temperature of a wire , vib’a9ng
Four wind tun n el model tests wi’re conducted on a model with high frequency, becomea low when it moves upward t ,
flex-strap beering iess tail rotor was studied b r  niernelastic Then the reduction of static deflection occurs, the dIrection
stability characteri s tic s and loads In all . 12 individual rotor of which is equal to ihat of the motion of the vibrating
parameters ware inves tigated to determir re their effect on wire. Therefore, with energy gained , a vibration can be
aeroelas iic stability, induced.

78- 1 358 SHIP
Tor qucw hinl -- -‘ Theory to Exp lain ~onsyn ehronos is
Whirling Failures of Rotors wi l ls fIigIsI oad Torque
.J M Vance 78-1360
lj riiv . ni l Floriri a , (,ainrrsvi lle , F l_ , J . Enqr F-’owirr , h eave Motion of Air Cushion Vefsjcleng
Trans A ’ J A  I - 100 (2), iii 7 ~ 749 ( Apr 19 ~~ M B Swif t  and D. Lirbrni
7 tii;s , 10 rn)’ l J n iv , of New Hamu” ,h i nnn . Durhanri , N H , J . Hydro-

n ij i n t i c s , 12 (2), pp 85 87 (Apr 1978) 1 fi g, 8 r i nk
Key Word s : Rotors , Shafts , Whirling

Numerous unexplained failures of rotating machinery by Key Words: Ground effect machines , Heaving, Equationa
of motionnnnsynchronoue shaft whirling point to a possible driving

mechanism or source of energy not identified by previously
exi sting theory. A ma~oray of these failures have been in In this paper , the heave motion of air cushion vehicles alone
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is considered, which reduces the complexity of the equation 8W. Howells
of motion and the conservation of air moss expression. Power Transrn , Des., 20 (5), pp 46-49 (May 19781
These relations are used to solve for the heave coord inate 7 f igs  4 rots
in terms of the wave parameters and the craft speed and -

design specif ications. The theory is then discussed in terms
of the heave motion frequency response and is compared Key Words: Power trans mission systems , Finite element
with data obtained by experiment using a scale model in t echnique , Helicop ter rotors , Vibration contro l
a towing tank.

Finit e element analysis is fast becoming a regular tec hnique
for dr ive designer s . A transmission design tool usi ng finite
element meth ods is presented . A com puter model for a rotor

78-1361 transmission is developed and is applied to optimize trans-

Seakeeping I)ynamii-s of a Single Cushion, Peripheral mission design. 
- 
The current effort it concentrated in two

Cell’Stabili~ied Air Cushion Vehicle areas — so minimize overall vibration and noise levels and

- to optimiz e the housing stru ctural design,
B ( , , j rn i , ’ n , A . H. Maqnuson , ariri MR.  Swift
Univ. ~ f New H.irnpshire , Durharri , NH , J. Hydro-
r iau i t i cs . 12 (7I . up 49 94 (Apr 1978) 9 figs , 1 tahln ,
12 r i - f t  TURROMACH1NERY

(See No, 1284)

Key Words: Ground effect machines. Dy namic response

A study of air cushion vehicle lACy) motion in waves is
presented for a single cushion ACV hoving a cellular, peri-
phera l cell-type s kirt sy s tem. The craft is considered to be
traveling at constant speed while encountering regular
waves of arbitrary heading. The dynamic equations for
pitch , heave, and roll motions are derived using the cushion
and cell air flow equations. These equations are solved
numerically us ing a dig ita l computer. The results are shown
as frequency response curves giving steady-state motio n
response amplitudes as a function of encounter frequency
or wavelength for f ixed cra ft speed and wave steepness.

78-1362
‘\ Note (Sn Structural l)ansp ing of Ship h ulls
B F .0 Bishop and W .G. Pr ir .in

it r) I Mnr h I nqrrj - in iv - Col Inuj i: London , Lon -
d~ ri VV C I (  7.IE , Ul ’ . I Sound Vit j  , .56 (4 ), pp 495
499 I f in) , 22 , 1 nJ / B )  1 f i g , 2 t :-j f j l r r ’~, 4 refs

Key Words. Ship hul lt , Damping

Existin g informabion on the structural dDmpinii of ships
is for from satisfactory. it cannot be calculated and it can
only be measured in nh’ Presence of hydrodynamic damping.
whose nature and magnitude are also somewhat obscure.

TRANSMISSIONS

78-1363

Transmission l)essgn with Finite Element Anal ysis .
Part 2
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